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Movements and Predation Activity of Feral and Domestic Cats (Felis catus) 
 on Banks Peninsula 
 
by 
Cara. M Hansen 
 
Domestic house cats (Felis catus) are seen as a potentially damaging predator to numerous 
threatened prey species, especially those with access to natural environments that contain 
abundant native species. However, the role of domestic cats as major predators is 
controversial and the degree to which they negatively impact bird populations is debated. 
Natural areas, such as Orton Bradley Park in Charteris Bay on Banks Peninsula, are home 
to many native and endemic bird species, including the threatened kereru (Hemiphaga 
novaeseelandiae). Charteris Bay is an urban to rural (including natural areas) gradient, and 
provides an ideal study site characteristic of much of New Zealand. 
 
Charteris Bay cat owners were enlisted to obtain data on their cats’ physical characteristics, 
management and lifestyle and how this may be influencing hunting activity. Age was the 
only significant influencing factor on how often a cat was reported to hunt, younger cats 
hunted more often than their older counterparts. Sex, size, breed, type of food fed, 
frequency of feeding, restricting cat indoors, use of collars and bells, distance seen from the 
home-site had no significant impact on hunting activity. 
 
Cat owners were then enlisted to participate in a prey recording survey of the prey that their 
cats brought home. Mean prey items per cat was 15.6 (± 4.5 S.E.). The number of prey 
caught by each cat ranged from 0 to 79 items over six months. Rodents were the prey item 
retrieved most often (48% of the total prey take) and Lagomorphs were the next most 
commonly retrieved prey item (38%). Birds, lizards and invertebrates made up the 
remaining 14% of prey items retrieved. Of the total prey retrieved 2.4% were native 
species. 
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A sample of eight domestic cats participated in satellite tracking using GPS technology to 
investigate home ranges and movements. Home range sizes ranged from 0.7 to 13.4 ha 
(100% MCP). Maximum straight line distances travelled from the home site ranged from 
80 to 301m. Nocturnal home range sizes were significantly larger than diurnal ranges. One 
feral cat trapped and tracked at Orton Bradley Park had a home range size of 415 ha (100% 
MCP). Digital camera traps were set up at 31 sites around the park, density estimates of 1.2 
- 1.6 cats/ km2 for feral cats were calculated using photographic recapture data from the 
camera traps.  
 
Domestic house cats in this study appeared to have little impact on native species 
populations of birds, lizards or invertebrate populations. These cats may provide a net 
benefit to these populations through removal and suppression of other pests and predators. 
Proximity to Orton Bradley Park was not a significant influencing factor for the movement 
or hunting behaviour for the cats in this study. Feral cats at Orton Bradley Park exist at low 
densities and, like their domestic counterparts, probably suppress pests and predators. A 
successful pest management plan at Orton Bradley Park would require removal of all levels 
of pests (i.e. cats, possums and rodents) and the prevention of immigration back into the 
site. 
 
 
Keywords: Domestic cat, feral cat, Felis catus, Kereru, Hemiphaga novaeseelandiae, 
Kaupapa Kereru, predation, GPS tracking, camera trap, Orton Bradley Park, home range. 
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Chapter 1:     Introduction and Background 
 
1.1. The Domestic House Cat  
Domestic house cats (Felis catus) have recently come under the spot light as a potentially 
damaging predator to numerous threatened prey species. Prey surveys undertaken in New 
Zealand, Australia and the UK confirm that house cats do kill native wildlife and 
specifically in New Zealand, they kill endangered and threatened birds. The literature 
recording these types of events has become more frequent and research on home-range 
movements, activity patterns, predatory behaviour and impacts also are becoming more 
common. Meek (2003) states that more research needs to be done on house cats with access 
to resource-rich natural environments that contain abundant native species. This is because 
the potential for domestic cats to impact on native fauna is greater when they live within 
foraging distance of these habitats (Gillies and Clout, 2003). 
 
The role of domestic cats as major predators is controversial. While the fact that cats prey 
upon birds is unquestioned, the degree to which they negatively impact bird populations has 
been a point of contention in the literature (Barratt, 1998). This issue arises because there 
are very little direct experimental links showing recovery of prey populations following 
culling of cat numbers, coupled with the emotional attachment of many people to cats, has 
led to some opposition to their control, and especially against limitations on the freedom of 
pets to roam (Calver et al., 1999). 
 
Because humans provide domestic cats with a level of maintenance that other predators do 
not receive, they maintain very high densities, sometimes 100 times or more greater than 
native carnivores and thus exert a greater predatory effect than natural predators (Coleman 
and Temple, 1993). Cats are opportunistic predators, both in terms of time and habitat 
location (Barratt, 1997b), meaning they will depredate a prey item if they encounter it. 
Although domestic house cats have a dependable food supply, this does not suppress the 
desire to hunt and kill live prey and hunting activity has been found to be independent of 
hunger (Morgan, 2002). House cats are as effective hunters as feral cats, and in New 
Zealand, Gillies & Clout (2003) found that the diets of domestic and feral cats were very 
similar, with the exception that domestic cat diets include a large proportion of “cat food” 
(Figure 1.1). 
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Figure 1.1. Domestic house cat consuming a bowl of canned cat food. 
 
1.1.1. Cats and New Zealand 
Cats were brought into New Zealand on the ships of early European travellers from 1769. 
These cats were carried onboard to control infestations of rats. About 50 years later cats 
became feral and probably became established by the 1930s. Feral cats are now distributed 
throughout New Zealand including offshore islands (Gillies and Fitzgerald, 2005). Feral 
cats live in most terrestrial habitats in New Zealand, including sand dunes, pasture, tussock, 
scrub, exotic plantations, and native forest. They are found in altitudes from sea level to 
3000 m (Gillies and Fitzgerald, 2005). 
 
In continental regions of the world, most prey species have evolved under the selective 
pressure of predation by species of both mammalian and avian predators, and these species 
are likely to be relatively tolerant of predation when compared to the more vulnerable fauna 
of oceanic islands, like New Zealand (Nogales et al., 2004). Even so, the continuous 
pressure of predation by carnivores living at high densities, not regulated by the availability 
of wild prey could be considered analogous to the process of hyperpredation on oceanic 
islands (Woods et al., 2003). This is particularly troubling for New Zealand’s native bird 
species that face this hyperpredation, which is then compounded by naivety to mammalian 
predation. 
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Particularly disturbing for New Zealand native bird species is the cat predation situation 
occurring in the UK: the on-going decline of rural and urban bird populations which has 
now become a critical conservation issue (Woods et al., 2003). The urban environment in 
the UK should favour population increases of birds because of low predator diversity, high 
food availability, and abundant nest sites. This is not the case, in fact one study found that 
the number of birds killed by cats was relatively large when compared to their breeding 
density and productivity (Baker et al., 2008). Another study looked at how cats may be 
altering prey behaviour, such as foraging patterns and use of different habitats, which may 
affect populations by reducing adult and juvenile survival, the number of clutches and 
clutch size (Lima, 1998). The consequences of these effects at the population level may be 
greater than those of population mortality because, even when predation mortality is low, a 
small reduction in fecundity due to sub-lethal effects can result in marked decreases in bird 
abundances (up to 95%). Thus, low predation rates in urban areas do not necessarily equate 
with a correspondingly low impact of cats on birds (Beckerman et al., 2007).  
 
Low predation rates are often found by prey recording studies, often around 50-70% of cats 
never return prey home (Baker et al., 2005; Baker et al., 2008; Barratt, 1998; Morgan, 
2002), while a few of the cats will bring home hundreds of prey a year. High rates of 
individual variation in hunting activity are usually found between cats; some of this 
variation can be attributed to cat age, the distance a cat lives from areas with high 
abundance of prey, the density of cats in the area and a cats experience, i.e. whether the cat 
was taught to hunt by the mother and the type of prey the cat subsequently prefers can also 
be affected by early experiences (Bradshaw, 1992). However, hunting and killing are 
instinctive behaviours and occur in the absence of hunger. Play-learning in kittens is 
directed towards learning to hunt and kittens reared in isolation still have the ability to hunt 
(Bradshaw, 1992). In addition, the number of prey returned home is generally accepted as 
only a proportion of the actual number of prey killed. Smaller prey may be completely 
eaten while other items too large to transport large distances may be abandoned or eaten in 
situ. One study has estimated the proportion of prey returned home by radio-tracking cats 
living in suburbs bordering a nature reserve observed directly and found cats make about 
three times the number of kills that were delivered home (Kays and DeWan, 2004). 
 
Cats may provide benefits to wildlife and possibly to such an extent that it is a net benefit to 
our native species (Fitzgerald and Turner, 2000). First, cats may control exotic bird 
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populations, so native species benefit from reduced competition for resources. Second, cats 
depredate mammals, such as rats and mice, which may allow greater nesting success in 
some bird species, although individuals of one of the most damaging rat species Rattus 
norvegicus are often avoided by cats since they are hard to handle (Fitzgerald and Turner, 
2000). Native species benefit from reduced predation and competition for resources. Third, 
problems arise when controlling populations of predators, such as the mesopredator release 
effect. When primary predators, such as cats, are greatly reduced, this can result in an 
increase of second-tier predators, such as rats and stoats (Crooks and Soule, 1999). 
Additionally, an increase of other pests, such as mice and possum populations increases the 
competition between these pests and native fauna for food. It is also possible that cats just 
take a ‘doomed surplus’ of prey (Beckerman et al., 2007). This idea has some support from 
the fact that very few studies have demonstrated a decline in prey populations explicitly 
linked to predation by owned cats (Fitzgerald and Turner, 2000).  
1.1.2. Off-shore Islands 
Cats are extremely adaptable and are found on most major island groups around the world, 
including islands that are inhospitable and uninhabited. Many of these introductions were 
made around the nineteenth and early twentieth century to control rodent or rabbit 
populations (Nogales et al., 2004). As in New Zealand, the native species living on off-
shore islands are naïve to predation, and lack antipredator behaviour, morphological and 
life-history traits (Stone et al., 1994). Cats introduced to oceanic islands have devastating 
effects, causing many documented extinctions of mammals, reptiles and birds (Nogales et 
al., 2004). Cat eradication has been carried out on about 48 islands from Mexico to New 
Zealand, Australia, South Pacific, Seychelles, sub-Antarctic and the Caribbean. These 
island areas vary greatly in size, the most successful eradications occurred on islands less 
than 5 km2 (Nogales et al., 2004). The successful removal of cats from several New 
Zealand off-shore islands such as Kapiti and Little Barrier Island, have not conclusively 
shown that bird populations have recovered, this may be because the impact of cats is often 
difficult to separate from that of other introduced mammals, especially rats, and from 
human activities (Nogales et al., 2004). Published studies on the recovery of populations 
after eradication are much less common than impact studies, but there are a few studies that 
can prove the benefits of eradication, for example, Cooper et al. (1995) reports increased 
breeding success of hole nesting petrels following eradication on Marion Island (Cooper et 
al., 1995). 
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1.2. Cats and Kereru  
1.2.1. Background and Cultural Significance  
Kereru (Hemiphaga novaeseelandiae) are endemic to New Zealand. Their populations are 
in decline due to deforestation, habitat degradation and mammalian predators (Mander et 
al., 1998). Because of this decline, recent research to understand the ecological aspects of 
kereru has identified mammalian predators as a major limiting factor to breeding success 
and population growth. More specifically, cats have been identified as a potentially 
damaging predator to the population as cats prey on adult birds as well as eggs and chicks 
(Prendergast et al., 2006). 
 
Kereru are a culturally important species to Maori; a taonga (treasure) species and a 
mahinga kai (food of traditional food gathering importance). Kereru have a spiritual 
significance to Maori and are prominent in myth and legend. Even hunting them is a 
spiritual activity, prefaced by karakia, or prayers. The first bird taken is offered back to 
Tane Mahuta, the god of the forest. Not only are kereru endemic to New Zealand and a 
culturally significant species, they also fill an important role in the restoration of native 
forests, as they are the only surviving native bird capable of dispersing the seeds of large 
fruited trees (Clout and Hay, 1989). Kereru are considered endangered, and are listed as in 
gradual decline (Hitchmough, 2002).  
 
Kaupapa Kereru is an initiative to enhance kereru populations on Banks Peninsula; it was 
initiated by Ngai Tahu, and is comprised of representatives of Ngai Tahu Runanga, the 
Department of Conservation, Landcare Research, Isaac Centre of Nature Conservation and 
Lincoln University. Kaupapa Kereru was established with a vision of increasing kereru 
numbers by working with the local community to raise awareness and appreciation of 
kereru and through increasing scientific knowledge of kereru on Banks Peninsula (Figure 
1.12). Since 2000 Kaupapa Kereru has researched kereru ecology on Te Pataka o 
Rakaihautu / Banks Peninsula. Three Masters' theses, a number of conference papers and 
presentations and a range of publications have been produced as a result. 
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Figure 1.2. Photograph of two Kereru in urban Charteris Bay over looking Quail Island in the 
Lyttelton harbour (C. Hansen). 
 
The focus on cats as major predators has arisen because the loss of eggs and fledglings to 
other predators, such as possums and rats, is off-set by the ability of these birds to re-nest 
multiple times during the breeding season. The loss of mature breeding adults to cats, 
however, has a much greater and long lasting impact on the population (Prendergast et al., 
2006). Adult kereru are particularly vulnerable to predation when feeding on the ground or 
on bushes close to the ground, and when drinking from puddles or streams (Powlesland et 
al., 2003). Cats have been identified taking or killing kereru in number of studies now, 
convincingly shown by time lapse video of a kereru nest during Prendergast (2006) study 
showing a cat taking a chick from the nest where the adult bird had suffered a similar 
mortality. The effects cats have on kereru populations is uncertain, although a few studies 
have shown that the removal of cats from an area leads to a population increase, although 
cats were not the only predator or competitor removed in these trials (Grant et al., 1997; 
Innes et al., 2004; Powlesland et al., 2003). 
 
1.2.2. Previous Research at Orton Bradley Park  
Kaupapa Kereru has been researching kereru ecology on Te Pataka o Rakaihautu / Banks 
Peninsula. Since 2000 three Masters' theses, a number of conference papers and 
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presentations and a range of publications have been produced. Two of these masters theses 
concentrated on ecology specific to kereru living on Banks Peninsula (Campbell, 2006; 
Scotborgh, 2005) and the third focused on the impact of predation on kereru living in Orton 
Bradley Park (Prendergast, 2006). 
1.2.3. Predation study 
Prendergast’s (2006) study measured rates of predation on artificial kereru nests, and found 
rats were a significant predator of nests, followed by possums, mice and stoats. Radio 
tracking kereru and video monitoring of nests found a nesting success rate of 35%. Rats and 
possums preyed heavily on eggs while a cat preyed on a chick and its brooding female. A 
total of three adult birds (out of 18) died as a result of predation, most likely by cats. The 
predation by cats has been highlighted because the removal of an adult bird is much more 
detrimental to the population because kereru are able to withstand some predation pressure, 
as they are able to re-nest in the same breeding season. 
1.2.4. Other threats to Kereru 
Kereru may be vulnerable to avian predation by the New Zealand falcon (Falco 
novaeseelandiae) and Australasian harrier (Circus approximans). Other pests, such as 
possums, rats and mice compete directly with kereru for food and may cause degradation of 
the habitat, for example, canopy die back caused by brushtail possums (Cowan, 2005). The 
major impact on kereru populations is humans, through deforestation, habitat degradation 
and illegal hunting (Mander et al., 1998).  
 
Kereru appear to be moderately common on Banks Peninsula, the results from a community 
count day in the summer of 2007 counted 648 birds across 39% of Banks Peninsula 
(Hopkins, 2007). It is likely that Banks Peninsula provides attractive food sources, which 
attract birds to the area during the breeding season (Scotborgh, 2005). However, food 
availability may be a limiting factor at Orton Bradley Park as birds were found to leave 
their summer home ranges during the non-breeding season, and birds are less likely to re-
nest after a predation event if insufficient food was available (Scotborgh, 2005). 
Recommendations to increase kereru population focus on continuous food availability and 
predator control; nesting success has been found to triple after predator control (Powlesland 
et al., 2003). 
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1.2.5. Orton Bradley Park 
Orton Bradley Park provides an ideal study site to further explore the impacts of feral and 
domestic cats for a number of reasons. First, the population of kereru at this site has been 
monitored over a number of years and thus baseline information is readily available if 
management plans are developed to control cats. This would allow the impact on kereru 
populations to be measured after cat control. Second, the site provides an urban to rural 
gradient typical to many areas of New Zealand where kereru are found and, therefore, 
provides the opportunity to apply successful management plans to other regions in New 
Zealand. This rural to urban gradient also allows domestic house cats and feral cat’s 
ecology to be compared and their proportional level impact on kereru. It is not clear 
whether the previous predation events were domestic or feral cats (Prendergast, 2006). 
 
1.3. Management Options 
The approach to the control of feral cats and the particular method used for their control 
will need to be considered, especially since kill methods would endanger domestic house 
cats and may not be practical in Orton Bradley Park, which has high levels of human 
interaction. An example of an alternative method for control is the Sentinel® (King et al., 
2007). This system of bait release to specific individuals as the ability to exclude domestic 
cats based on PIT tag readers, this of course would require all domestic acts in the area to 
have a PIT tag implanted. The removal of feral cats will also require a multi-species 
approach to control to ensure that rodent, possum and mustelid populations do not increase 
as a consequence (Prendergast, 2006). 
 
Domestic house cats pose particular management problems (Fitzgerald, 1990; Lilith et al., 
2006; Proulx, 1988); their close association with humans limits the application of 
conventional approaches. On the other hand, it does allow alternative solutions to be 
implemented that would not otherwise be possible, e.g. anti-predation devices (Gillies and 
Culter, 2001; Nelson et al., 2005; Ruxton et al., 2002), chemical and ultrasonic deterrents 
(Nelson et al., 2005), curfews and the banning of ownership of cats within sensitive areas 
(Lilith et al., 2006).  The control and management of domestic house cats in New Zealand 
is a relatively new and controversial idea (Morgan, 2002). The issue of cats as predators is 
beginning to be addressed through increasing amounts of research, and increasing numbers 
of cat management plans, such as the Forest and Bird cat policy (Morgan, 2002). The 
policy’s goal is to protect New Zealand wildlife by limiting the impact of feral and 
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domestic cats, while recognising that cats are New Zealand’s most favoured companion 
animal.  Forest and Bird encourage responsible cat ownership and cat free subdivisions. A 
number of locations around New Zealand have successfully implement cat-free 
subdivisions and multiple locations in the far north are now cat free due to the policies put 
in place in the Far North District Council Plan (Morgan, 2002). In Australia, by-laws 
requiring night time confinement, registering and identification by collar, microchip or 
tattoo have been successfully implemented by some councils. Three State governments 
(South Australia, Victoria and New South Wales) and the ACT Government have 
implemented state-wide legislation for cat management (McCarthy, 2005).  
 
The particular habitat in which cats exist will affect the level of management required. Cats 
living in fully urban systems will have little impact on native or sensitive prey populations 
as it unlikely that these species will be available to be predated upon (Gillies and Clout, 
2003). Domestic cats with access to sensitive areas such as wetlands, braided riverbeds and 
shorelines, are of particular concern and their movements into and around these areas 
should be restricted (Gillies and Clout, 2003). Research and the policies surrounding the 
level of restriction need to be established. Cat-free zones in some of these scenarios would 
be the best option, but are difficult to implement in established residential areas. Buffer 
zones around sensitive areas have been investigated and the distances that may be required 
to be effective have been recommended for specific sites (Lilith et al., 2006). However, 
actual application of the effectiveness is yet to be tested. Buffer zones are based on the 
maximum movements of cats into and around sensitive areas, but once again it could be 
difficult to put into practice in established residential areas. 
 
Education of cat owners and prospective cat owners is one of the cheapest and easiest forms 
of control although the effectiveness of this is questionable. Most cat owners typically 
allow their cats to roam freely (Baker et al., 2005; Baker et al., 2008; Barratt, 1997b, 1998; 
Churcher and Lawton, 1987; Gillies and Clout, 2003; Lepczyk et al., 2003; Liberg, 1984; 
Woods et al., 2003), suggesting the most cat owners do not fully understand their cats 
impact of wildlife. Other advice such as putting bells on collars and night-time curfews 
have been shown to be ineffective for the protection of some groups of animals such as 
birds and lizards (Barratt, 1998; Morgan, 2002; Woods et al., 2003) and, therefore, it is 
information provided to cats owners needs to have been proved as effective. 
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1.4. Study sites 
This study was conducted in and around Orton Bradley Park at Charteris Bay on Banks 
Peninsula, approximately 30 km from Christchurch city (Figure 1.3).  
 
 
Figure 1.3. A map of Banks Peninsula showing the location of Charteris Bay on a regional scale 
(Maptoaster, 2009). 
 
1.4.1.  Charteris Bay 
The site represents the urban to rural gradient characteristic of the Banks Peninsula region. 
Charteris Bay contains small stands of remnant and regenerating native forest, with exotic 
forest, farmland and a small urban community (Figure 1.4). 
 
Charteris Bay (43˚39’34’’ S - 172˚ 42’28’’ E), is located on the southern side of Lyttelton 
Harbour, Banks Peninsula. Charteris Bay is a small mostly steep-sided bay. The bay’s 
aspect is north facing. Charteris bay is made up of exotic residential gardens, with a sub-
urban area where houses are sparsely scattered throughout natural areas on cliff faces. The 
population of Charteris Bay is approximately 300. One hundred and twenty six of 237 
households are holiday homes (unoccupied dwellings) (Statistics New Zealand, 2006). 
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Figure 1.4. Photograph of Orton Bradley Park over looking Charteris Bay showing the large rural 
areas with the small urban community located next to the bay (C. Hansen). 
 
1.4.2.  Orton Bradley Park 
Orton Bradley Park is located in Charteris Bay (43˚39’ 34’’ S - 172˚ 42’28’’ E), on the south 
side of Lyttelton Harbour, Banks Peninsula. The park is a protected historic reserve made 
up of farmland, small patches of regenerating native forest, planted exotics such as 
eucalyptus (Eucalyptus spp.) and pine (Pinus spp.) and other exotics such as the 
rhododendron garden planted for aesthetic value. Human use of the site includes horse 
trekking, hiking, golf, camping and sheep and beef farming. The total surface area is 
approximately 640 ha (Wilson, 1992). The aerial photograph below shows the main 
features of the park (Figure 1.5).  
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Figure 1.5. Aerial photograph of Orton Bradley Park showing the main features of the park (Google 
Earth 2009). 
 
The vegetation in the Park consists of open pasture, exotic conifer and hardwood 
plantations, second-growth native hardwood forest, including kanuka (Kunzea erioides) and 
mixed hardwood canopies, scattered plants on rocky outcrops, and small areas of second-
growth hardwoods regenerating bracken (Wilson, 1992). Native scrub and forest are found 
in locations with limited access or low intensity farming activities, such as stream beds, 
steep and inaccessible hillsides and in amongst growths of exotic plantings. The park 
contains a group of historic buildings, the manager’s house and garden, and farm buildings. 
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1.5. Aim of Study 
To gather data on the ecology of domestic and feral cats living in Charteris Bay in order to 
ascertain whether there is a potential impact of cats on kereru populations. The data will be 
used to make recommendations for cat/kereru management on Banks Peninsula.   
 
 The objectives of this study were: 
 
1. To enlist the support of Charteris Bay cat owners to obtain data and to enlist future 
support for future cat management programmes. 
2. To estimate the density of feral and domestic cats in Charteris Bay and Orton 
Bradley Park 
3. To track movements and home ranges of domestic and feral cats 
4. To identify prey items of domestic cats 
5. To highlight the potential ecological threats posed by free-roaming house cats 
 
Each of these objectives will be introduced in detail in subsequent chapters. 
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Chapter 2: Cat owner surveys 
 
1.1. Introduction 
1.1.1. Cat Ownership 
New Zealand has one of the highest rates of cat ownership in the world, approximately 47% 
of households own a cat (Argante, 2008), with an estimated population of 900,000 - 
1,500,000 domestic cats living in New Zealand (Kerridge, 2000). There are both positive 
and negative aspects of the relationship between pets and their owners and society as a 
whole. The main benefits reported are the companionship or friendship people derive from 
their pets and the positive impact on our physical and psychological health; a reduction in 
risk factors associated with heart disease, an improvement of the general health of owners 
and a reduction in feelings of loneliness and depression (Podberscek, 2006). The main 
problems for pet owners are the development of behavioural problems in their pets, health 
issues (zoonoses, development of allergies) and the distress caused when their animal 
becomes injured, ill or dies (Podberscek, 2006). In society, owned and ownerless free-
roaming companion animals pose a number of problems, such as disease transmission 
pollution (noise and fouling the environment), causing car accidents, predating on and 
disturbing other animals (Podberscek, 2006). 
1.1.2. Owner responsibility 
Private landowners are the ultimate controllers of their land, and carry out a variety of 
actions that could influence a prey species abundances and distributions. Understanding 
how humans interact and influence different ecosystems, and the species they contain, is a 
new area of research. Increasingly, socio-economics, human demography, and social 
science techniques, have been incorporated to better understand the relationships between 
humans and the ecosystem (Lepczyk et al., 2003). As human behaviours are a direct force 
affecting ecosystems, it is essential to incorporate human behaviours into the understanding 
of ecological patterns, such as abundance and diversity of bird species. For example, a 
specific behaviour that could negatively impact breeding birds is by allowing local 
domestic cats unrestricted access outside the home-site. Meek (2003) found that cat owners 
were completely amazed when they saw the evidence of their cats home range and prey 
catching abilities. Most cat owners are unaware of the potential for their cat to impact on 
wildlife. Gauging the level of awareness and education of cat owners will be necessary 
before implementing cat management plans. 
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1.1.3. Cat owner surveys 
Surveys are the most common method for collecting information from cat owners to 
determine the impact of domestic house cats. Surveys allow information to be gathered on 
cat population size and density, the management practices of owners, and the cat owner’s 
level of understanding of their cat’s potential to impact on wildlife. Surveys also give the 
opportunity to recruit cat owners into prey-retrieval recording studies. Surveys of cat 
owners have been conducted in Australia (Barratt, 1998), America (Coleman and Temple, 
1993), the United Kingdom (Woods et al., 2001) and in New Zealand (Gillies, 1998; 
Morgan, 2002) to assess the numbers and types of prey caught by cats, and owners attitudes 
towards their cat and cat management practices. 
 
Different methods, including mail, door-knock and the telephone are used to conduct 
surveys and each has an associated error and bias which needs to be considered. In addition, 
one of the biggest forms of bias that occurs across all survey types is the under reporting 
and over reporting that will occur due to peoples differing views on what is “expected” of 
them, e.g. whether the cat owner was proud of its cats hunting ability or if they wish to hide 
this fact. The relative importance of each influence is uncertain (Baker et al., 2008). 
Morgan (2002) found cat owners were relatively accurate at predicting how often their cat 
hunted. Increasing reliability is thought to be found in communities with higher socieo-
economic levels and more responsible cat owners (Morgan, 2002).  Survey methods usually 
include a questionnaire delivered to every household in the study site, while less time 
consuming, non-response of this type of delivery method appears to be high, and to combat 
this researchers will often contact residents door-to-door and ask to participate in a face-to-
face interview (Baker et al., 2008).  
 
The purpose of this survey was to determine the population of domestic house cats living in 
Charteris Bay and to determine whether a cat’s physical characteristic, management and 
lifestyle influence hunting activity. Additionally, it will facilitate recruitment of cat owners 
into the prey recording study (Chapter 3) and ultimately the home range study (Chapter 4). 
 
1.2. Methods 
1.2.1. Study site 
The survey area encompassed Charteris Bay Road (# 1-70), Andersons Road, Ngaio Lane, 
part of Bayview Road (# 1-66) and part of Marine Drive (# 485-304). 
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Figure 2.1. A map showing the main roads in Charteris Bay (Google, 2010). 
 
2.2.2. Cat owner surveys 
To estimate the number of domestic cats living on properties near to Orton Bradley Park, 
door-knock surveys of all Charteris Bay residents were used to determine cat ownership in 
the area. These surveys also served to gain information about each cat’s ecology and to 
recruit participants into the wider, study which included recording their cats prey retrieved 
and GPS tracking of the cat. Survey methods were approved by the Lincoln University 
Human Ethics Committee (Appendix 1). 
 
Door-knock surveys were conducted during December 2007 and January 2008 usually 
during late afternoon or evening. Cat owners then answered a face to face survey 
(Appendix 2). The survey included questions about their cat’s characteristics (sex, age, 
size), management (type of food fed, frequency of feeding, restricting cat indoors, use of 
collars and bells), movements (distance seen from home-site) and prey capture (estimated 
frequency of prey capture). Any residents not at home were re-sampled later by a second 
door knock and if still not contactable, were left survey forms (which included a summary 
of the study, a questionnaire form and constant forms) with a freepost reply envelope.  
2.2.3. Data analysis 
To determine any influence of the cat physical characteristics, management and lifestyle on 
movements and hunting activity, survey data were analysed using Spearman’s rank 
correlation, Mann-Whitney U, and Kruskal-Wallis tests (Zar, 1999). 
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2.3. Results 
1.3.1. Cat population estimate 
There were 249 households in the area (Statistics New Zealand, 2006). The number of 
permanently occupied dwellings was 117. All permanently occupied houses were visited by 
door-knock. Of those permanently occupied dwellings successfully contacted (82%) 28 
permanent resident households indicated they had one or more cats. The total number of 
cats was 40. The greatest number of cats at any one property was three (Table 2.1). Most of 
the households that were un-contactable appeared to be holiday homes and thus would not 
normally have a resident cat. The 132 unoccupied dwellings (as reported on census night 
2006) were not included in the analysis. 
  
Table 2.1. Cat ownership reported by Charteris Bay residents. The table shows the number of cats in 
each household, the number of households that were surveyed and the percentage of responses from the 
total number of households surveyed. 
Number of cats Number of households 
surveyed 
% of responses 
0 68 58% 
1 17 15% 
2 10 8% 
3 1 1% 
No response 21 18% 
Total 117  
Twenty-nine percent of responding households had at least one cat, and the mean number of 
cats per responding household was 0.42 (i.e. 40 cats in 96 households). Although the no-
response bias (18%) is quite high, no attempt was made to adjust for it due to the nature of 
the high rate of non-permanent residency situation in Charteris Bay. 
 
Assuming the responders were typical of the households in the area as a whole, the total 
population of cats in Charteris Bay can be estimated as: 117 permanent households x 0.42 
cats per household = 49 cats. 
1.3.2. Cat physical characteristics, management and lifestyle 
Surveys for 35 individual cats were conducted over 26 households. Sixty-five percent of 
households owned one cat and 35% of households owned two cats. 
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The ratio of male to female cats was 1.69:1. All cats in the study had been desexed. Sixty-
eight percent were neutered at six months of age or less, 23% were neutered between 6 -12 
months of age, 9% were neutered at more than 12 months age, and one unknown age. Cat 
age ranged from 1 - 19 years, the median age was 8 and the mean age was 7.5 (± 4.2 S.D.). 
Eighty percent of the cats in the study were “moggies” and 20% were “pure-breds”. 
 
One of the cats in the study wore a bell (3% of cats) and seven cats wore collars (20% of 
cats). 48% of cats were reported by the cat owner to never go outside at night (Table 2.2); 
but only six of these cats were physically restricted to indoors at night by the cat owner 
(17% of cats). 
 
Table 2.2. Number of nights spent outside per week as reported by the cat owner. 
Nights outside % of cats 
Always          46% 
Never     48% 
Occasionally   6% 
 
Most of the cats in this study were fed dry cat food (i.e. cat biscuits) or a variation of dry 
food and canned or fresh meat (Table 2.3). Six cats were fed fresh meat, only one cat was 
feed solely on fresh meat, the others were fed a combination of fresh meat, dry and canned 
food (Table 3). Most cats in the study (63%) were fed twice per day (Figure 2.2). Cats fed 
“Ad. lib” could feed on demand throughout the day and usually had a constant supply of 
dry cat food available.  
 
Table 2.3. Food types fed by the cat owner and the number of times each cat was fed a day as reported 
by the owner of the cat. 
Food types Number of cats % of cats 
Dry                               12 34% 
Canned    1 3% 
Fresh meat    1 3% 
Dry and fresh meat    4 11% 
Canned and dry 15 43% 
Canned, dry & meat  1 3% 
Canned & table scraps 1 3% 
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Figure 2.2. The percentage of the number of times the cats in this study were fed per day. 
 
Most of the cats in this study (20 cats) had two or more neighbouring cats living in the 
properties surrounding their own (Figure 2.3). 
 
Figure 2.3. The number of neighbouring cats (immediately adjacent/opposite property) of the cats in 
the study. 
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The furthest distance most cats were seen from home, as reported by the cat owner, was 
mostly at the neighbours/adjacent property (Figure 2.4). Three cat owners reported to have 
seen their cat at Orton Bradley Park (9% of cats) between 50 – 200 m away. 
 
Figure 2.4. Furthest distance the cat has been seen from home as reported by the cat owner. 
 
1.3.3. Analysis of cat physical characteristics, management and lifestyle on reported 
hunting activity 
The frequency of hunting reported by most cat owners was once a year or more (Figure 2.5) 
estimated by cat owners past observations of their cats hunting behaviour. Sex of the cat 
made no significant difference to the estimated prey count reported by cat owners (Mann-
Whitney U; U = 139.5, P = 0.915). Whether the cat was pure-bred or a moggie made no 
significant difference to the estimated prey count reported by cat owners (U = 63.5, P = 
0.144). Size or the build (small, medium and large) of the cat made no significant difference 
to the estimated prey count reported by cat owners (Kruskal-Wallis; H = 0.430, P = 0.806). 
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Figure 2.5.The proportion of hunting frequency reported by the cat owner. 
 
Cat age was significantly negatively correlated with the estimated prey count reported by 
cat owners (Spearman’s rank; rs = -0.479, P = 0.004) (Figure 2.6). Cat age (< 6 months, 6-
12 months, > 12months when neutered made no significant difference to the estimated prey 
count reported by cat owners (H = 5.217, P = 0.156).  
 
 
Figure 2.6. The mean (± s.e.) number of prey captured per cat as estimated by cat owners in relation to 
cat age in years. 
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The frequency that a cat was fed per day (once, twice, Ad.lib) made no significant 
difference to the estimated prey count reported by cat owners (H = 1.608, P = 0.205). 
Across all food types, the type of food fed made (dry, canned, canned and dry, fresh meat, 
fresh meat and dry, all types) no significant difference to the estimated prey count reported 
by cat owners (H = 7.238, P = 0.299). However, when the cat was fed fresh meat as part or 
all of its diet had a significant positive effect on the estimated prey count (H = 4.599, P = 
0.032).  
 
The number of nights a cat usually spends outside (always, never, occasionally) made no 
significant difference to the estimated prey count reported by cat owners (H = 1.268, P = 
0.53) and whether the cat was restricted indoors at night by the cat owner made no 
significant difference to the estimated prey count (U = 98, P = 0.6319).  
 
Whether a neighbouring cat was present or not made no significant difference to the 
estimated prey count reported by cat owners (U = 0.0815, P = 0.775). The number of cats 
there was in a household (one or two) made no significant difference to the estimated prey 
count reported by cat owners (U = 2.785, P = 0.095). 
 
The greatest distance the cat owner reported seeing their cat from home (home only, 
adjacent property, < 500 m, > 500 m) made no significant difference to the estimated prey 
count (H = 4.281, p = 0.233). Whether the cat had been seen in Orton Bradley Park by the 
cat owner did not have a significant effect on the estimated prey count (U = 2.174, p = 
0.14). The distance that a cat lived from Orton Bradley Park (< 100 m, 100-500 m, 500 m – 
1 km, > 1 km) did have a significant effect on the estimated prey count as reported by the 
cat owner (H = 9.575, p = 0.008). Those cats living less than 100 m and greater than 1 km 
from Orton Bradley Park had the highest rank sum and highest mean estimated prey count 
(Figure 2.7). 
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Figure 2.7. Mean (± s.e.) estimated prey counts reported by cat owners plotted against the distance of 
the cat’s home to the border of Orton Bradley Park. 
 
 
1.4. Discussion 
Twenty nine percent of householders surveyed in Charteris Bay owned a cat. This figure is 
lower than the national average of 51% quoted by Argante (2008). Cat ownership may be 
declining in the Charteris Bay area, one possibility is because people have become more 
aware of the impact of their cats on wildlife and have chosen not to replace their cat when it 
dies. This hypothesis is supported by the high average age of the cats living in Charteris 
Bay. The mean age was 7.5 years (± 4 S.D.) compared with 6 years (± 4 S.D.) for cats 
living in suburban Christchurch (Morgan, 2002). All cat owners reported that their cat had 
been desexed (neutered): 91% of these cats had been desexed before 1 year of age. Similar 
results were reported for cats living in suburban Christchurch (Morgan, 2002) and in 
Australia (Barratt, 1995). The cat owners of Charteris Bay tended to have a good 
understanding of the impacts of cats on wildlife and this may have contributed to the high 
rate of neutering in this study. In addition, there were no cats under 12 months of age, 
which are more likely to be unneutered.  
1.4.1. Influence of cat physical characteristics, management and lifestyle on reported 
hunting activity 
Cat age was an influential factor on the number of estimated prey items. Young cats, less 
than 6 years old had the highest rate of hunting activity. Cat age has been shown to be a 
significant factor in other prey recording studies (Barratt, 1998; Morgan et al., 2009). 
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Young cats usually become competent predators around 8 months old, with the rate of 
hunting activity increasing over time until that cat reaches 6+ years of age at which time 
hunting activity significantly reduces (Bradshaw, 1992; Turner and Meister, 2000). The 
reasons for this decline may be because as a cat ages its reaction time slows, senses and 
reflexes become poorer, and thus hunting becomes less successful (Bradshaw, 1992). How 
often a cat is fed is not a predictor of a cats hunting frequency and the results of this study 
are consistent with other studies. The type of food fed however may have an influence; cats 
in this study fed fresh meat as part or all of their regular diet had significantly higher rates 
of reported hunting activity. Cats only fed meat in Morgan’s (2002) study caught more birds 
than cats fed only dry food. It is thought that the higher levels of protein in fresh meat 
compared with dry or canned food, is associated with the stimulation of the production of 
the hormone serotonin, which is involved in mood, sleep, wakefulness and body rhythms 
(Fogel, 1991). However, the feeding of highly palatable food has not been found to inhibit 
hunting (Adamec, 1976). Research specifically testing the effect of different food types on 
hunting activity is required. 
 
The number of nights a cat spent outdoors and whether the cat owner restricted the cat 
indoors at night did not influence hunting activity in this study. Cats are often thought of as 
nocturnal hunters, however, measures of activity have shown that cats can be just as active 
during the day, spending most of their time at home during the periods when their owners 
are home and active (Morgan, 2002). Only one cat in the study wore a bell, and thus any 
differences in hunting activity could not be tested. The number of cats in this study wearing 
collars was quite low (20%). The main reason reported by cat owners was fear that the cat 
could get strangled or caught by the collar. 
 
The distance a cat travelled was not a significant predictor of hunting frequency; this may 
have been because there was abundant prey available at home and in the surrounding 
neighbourhood. The distance of a cats home to the border of Orton Bradley Park did have 
an influence on hunting activity. Those cats living less than 100 m from the park or more 
than    1 km had the highest reported rates of hunting. This could be explained by cat 
density; the area in between these two distances (< 100 m and > 1 km) had the highest cat 
density, and, therefore, it is possible that those cats could be spending more time avoiding 
other cat’s territories and less time hunting. It is also possible that because the more densely 
housed areas have been established longer, the cats living here are older and thus hunt less. 
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Barratt (1995) and Morgan (2002) found that cats living adjacent to natural habitat do move 
into and use the habitat for foraging. 
 
Although this survey had a low sample size and thus should be treated with caution when 
generalising to other cat populations, most of the findings are consistent with the literature. 
A high correlation (76%) was found between cat owners’ prediction of their cats hunting 
activity and the actual number of prey retrieved by a sample of cats in a latter study 
(Chapter 3). This correlation could be explained by a number of factors, including, higher 
socio-economic levels also found by Morgan (2002). Higher socio-economic levels can be 
associated with higher levels of education, and therefore more responsible cat ownership 
(i.e. high levels of desexed cats) and awareness of impacts on wildlife. Residents living in 
Charteris Bay were found to be approachable and sympathetic, and may be less likely to 
give false information. The community of Charteris Bay, is surrounded by high levels of 
natural and native areas, and thus may be more responsive to protecting and restoring their 
community.   
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Chapter 3: Prey recording surveys 
 
1.1. Introduction 
1.1.1. Cat Predation in New Zealand 
Mainland cats in New Zealand prey chiefly on small mammals, mostly rabbits, rodents and 
occasionally possums, hedgehogs, stoats, and carrion (Gillies and Fitzgerald, 2005). Birds 
were found in >20% of samples in nearly 60% of mainland studies (Gillies and Fitzgerald, 
2005). Most of these birds were passerines, including both introduced ground-feeding 
passerines and natives, such as the fantail (Rhipidura fuliginosa fuliginosa), grey warbler 
(Gerygone igata) and tui (Prosthermadera novaeseelandiae). Lizards, especially skinks, are 
frequently eaten by cats and in some places are second only to rabbits in importance as prey 
(Gillies and Fitzgerald, 2005). Invertebrates are also frequently eaten, but are usually too 
small to contribute much to the diet. Cats living on offshore islands usually feed mainly on 
rats, and rabbits if available. Birds provide a much greater proportion of the diet to offshore 
cats, with seabirds featuring strongly (Gillies & Fitzgerald, 2005). A domestic house cat’s 
diet is similar to a feral cat in that it reflects the availability of prey. Birds are usually the 
second most important prey to domestic cats when compared with mammals, lizards and 
invertebrates (Fitzgerald and Turner, 2000). 
1.1.2. Predation Behaviour 
Domestic cats fill two roles for humans, as a pet and/or pest control. Feral and domestic 
cats vary between these roles, domestics will revert to wild type and feral cats will 
scavenge human refuse, but can persist without human help. Truly feral cats receive little or 
no food from humans and hunt as much as four times more than domesticated animals 
(Paltridge et al., 1997). Cats are described as generalist resident predators where they 
exploit a large range of prey, switch prey types readily and will scavenge (Fitzgerald & 
Turner, 2000). Cats have evolved specialised hunting strategies that depend on crypticity, 
acoustic and visual cues (Fitzgerald & Turner, 2000). Two main strategies have been 
identified, a ‘mobile’ and a ‘stationary’ or ‘sit-and-wait’ strategy. The type of strategy 
adopted by individual cats is influenced by the availability and type of prey available. Cats 
are capable of more than just random searches for prey. (Jones, 1977) observed cat’s 
methodically entering and inspecting rabbit burrows. Cats have been observed returning to 
the exact place of an earlier capture, such as nests, days or weeks later (Fitzgerald & 
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Turner, 2000). The domestic house cat below (Figure  3.1) returns to a camera trap site (see 
Chapter 5) where cat food bait (Chef™) had been spread around the area. 
 
Figure  3.1. A domestic house cat inspects the bait (tinned cat food) spread around a camera trap site. 
 
Cats are morphologically and behaviourally best adapted to catching small, burrowing 
rodents, and cats seldom take prey larger than themselves (Fitzgerald & Turner, 2000). 
Most cats are not strong enough to take healthy, fully grown rabbits or adult Norway rats 
(Rattus norvegicus), which are known to be aggressive and difficult to handle (Childs, 
1986). The cat in the photograph below (Figure  3.2) appears to be killing a rabbit about 1/3 
its own size. Prey type preference may be imprinted on kittens by their mothers or through 
experience when learning to hunt and deal with prey (Fitzgerald & Turner, 2000). The lack 
of defensive behaviour in prey that did not co-evolve with mammalian predators may 
increase their susceptibility to cat predation. 
 
Figure  3.2. Cat photographed by camera trap (see Chapter 5) killing a recently-captured rabbit. 
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Domestic cats will not always kill and consume prey immediately. Cats may carry the prey 
home to consume, play with the prey before killing and eating it (not at home), release it 
alive at home for others to consume, or cache the prey (Fitzgerald & Turner, 2000). Kays & 
DeWan (2004) recorded a return rate of 1.67 prey/ cat/month (n = 12 cats) using a similar 
approach to that is adopted in this study, compared with a kill rate of 5.54 prey/cat/month 
for 11 radio-collared cats whose hunting behaviour was observed directly. Therefore, prey 
recording studies based on return rate to the home will lead to major underestimations of 
the actual kill rates of domestic house cats. 
 
Modern cats are somewhat diurnal and this may be an effect of domestication or an 
adaptation to life with diurnal humans. Cats may have a flexible hunting strategy, however, 
where activity is modified to coincide with their prey; birds in the morning, reptiles in the 
afternoon and mammals at night (Barratt, 1997b). Certain cats will show particular interest 
or ability to hunt specific wildlife (Meek, 2003). It has been suggested on a number of 
occasions that hunting itself is an innate need which cats will satisfy, independent of hunger 
(Fitzgerald & Turner, 2000; Morgan, 2002; Gillies & Fitzgerald, 2005).  
 
A number of studies have found that cats with bells had little influence on the number of 
prey captured (Barratt, 1998; Gillies and Clout, 2003; Morgan, 2002; Paton, 1991). 
However, Woods et al. (2003) found that the number of mammals brought home was 
significantly lower if a cat was wearing a bell, but no effect was observed for birds or 
herpetofauna. This difference may be because birds rely largely on visual cues in predator 
avoidance behaviour, or because the acoustic qualities of cat bells may not lend themselves 
to warning birds or herpetofauna. Alternatively, a cat may have been equipped with a bell 
because without a bell it was a prodigious hunter. Woods et al. (2003) also found that the 
sex of the cat did not significantly affect either the numbers of prey brought home. Age and 
condition of the cat were both negatively related to the numbers of birds and herpetofauna 
brought home, but not for mammals. Numbers of mammals brought home were 
significantly lower and numbers of herpetofauna were significantly higher if the cat was 
kept indoors at night, but no effect was observed for birds (Woods et al., 2003). 
1.1.3. Study Justification 
Domestic house cats can be efficient predators and they are opportunistic, generalist 
predators who often take similar types of prey compared with feral cats (Gillies & Clout 
2003). The concern lies in whether domestic house cats could impact on the New Zealand 
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environment as feral cats do (Morgan, 2002). This study attempts to address this issue by 
determining the types and numbers of prey retrieved by domestic house cats living around a 
sensitive area that contains important resources for native birds. This study will hopefully 
reveal the types and abundances of prey available in and around Charteris Bay. 
 
 
1.2. Methods 
Cat owners were recruited into the prey recording study during the door-knock survey 
period from December 2007 to January 2008 (see Chapter 2). Prey recording begun at the 
start of February 2008 with 22 residents recruited at this time. 
 
Cat owners were asked to record and/or collect all the prey items their cats brought home. 
Recruited cat owners were provided with a record sheet to record all prey items brought 
back to their home by their cats as well as additional information on time of day, date, 
whether the prey was juvenile or adult and whether the prey had been partially or fully 
consumed (Appendix 2). Participants were asked to store and freeze or photograph any 
unidentifiable items. Record sheets and unidentifiable items were collected monthly.  
 
After three months of recording, cat owners were given donations of cat food and any 
interested participants were asked to continue with the prey recording. This was repeated 
again after another three months. Twenty two cat owners continued to record data after the 
first three months and only 8 cat owners after six months. The data from the first six 
months was included in the analysis as it represents the largest dataset. 
1.2.1. Data Analysis 
Prey items were identified to at least order level and were categorized as native or 
introduced (Morgan, 2002). Because participation in the survey was low, and there was 
inconsistency in some of the cat owners ability and willingness to obtain aid in correct 
identification to species level (collecting and freezing unknown species), data will be 
presented as total counts, percentages and means (± S.E.). 
1.3. Results 
A total of 22 cats were recruited into the prey recording survey between February 2008 and 
July 2008. Three cats did not complete the full six months of data collection (due to death 
and shifting out of the area) and have not been included in the results. 
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1.3.1. Total prey take 
During the survey, 19 cats brought home a total of 296 prey items. Mean prey item per cat 
was 15.6 (± 4.5 S.E.). The number of prey caught by each cat ranged from 0 to 79 items 
over six months. Most cats (58%) retrieved 10 or less prey items. 95% of cats caught 40 or 
less prey items (Figure 3.3). 
 
 
Figure 3.3. Frequency distribution of the total number of prey items retrieved per cat (n=19) over a six 
month period. 
 
1.3.2. Prey Composition 
Rodents were the prey item retrieved most often; comprising 48% of the total prey take 
(Figure 3.3). The rodents consisted of 126 house mice (Mus musculus), 15 Ship rats (Rattus 
rattus) and Norway rats. Lagomorphs (Brown hare, Lepus europaeus occidentalis and 
European rabbit, Oryctoloagus cuniculus) were the next most commonly retrieved prey 
item (38%). Most of the 112 rabbits retrieved were juveniles (Figure 3.4).  
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Figure 3.4. Numbers of the main prey types retrieved by 19 cats living in Charteris Bay between 
February and July 2008 (n = 279 total prey items). 
 
A total of 37 birds were collected (12% of prey retrieved; Figure 3.2). All birds were 
passerine species. Introduced species consisted of goldfinch (Carduelis carduelis), 
greenfinch (Carduelis chloris), yellowhammer (Emberiza citronella), chaffinch (Fringilla 
coelabs), dunnock (Prunella modularis), house sparrow (Passer domesticus) and song 
thrush (Turdus philomelos). The two native species retrieved were waxeye (Zosterops 
lateralis laterlis) and fantail.  
The three skinks (1%) collected were the common skink (Oligosoma nigriplantare 
polychroma). Three insects (1%) collected were moths and were unidentified by the cat 
owner (Figure 3.2). Of the total prey retrieved 2.36% were native species, consisting of 
three species: waxeye, fantail and the common skink (Figure 3.5) 
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Figure 3.5. Percentage of native and introduced prey retrieved by 19 cats living in Charteris Bay 
between February and July 2008. 
 
3.3.3. Seasonal Distribution of prey take 
The mean number of prey retrieved per month was highest in February (late summer) and 
March (early autumn) and declined through in April – July (autumn/winter). (Figure 3.6). 
 
 
Figure 3.6. Mean (± S.E.) numbers of prey retrieved per cat each month by 19 cats living in Charteris 
Bay between February and July 2008. 
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3.3.4. Prey Preferences 
Two cats in this study showed a strong preference for lagomorphs. Of prey retrieved by 
these two cats 99% and 96% were lagomorphs. More than 50% of all prey retrieved by 
eight cats were mice. Rats were not preferred by most of the cats. Preference for birds 
ranged from 1% to 100% for ten of the cats in the study (9 cats caught no birds). Most of 
the birds retrieved (89%) in this study were adult birds and most of the lagomorphs (rabbits 
and hares) retrieved were juveniles (Table 3.1). 
 
Table 3.1.Shows the percentages of the age (adult or juvenile) of the main prey types retrieved by the 
cats in the study. No data was available for insects or lizards. 
Type of prey Adult Juvenile 
Lagomorph 4% 96% 
Mouse 69% 31% 
Rat 47% 53% 
Bird 89% 11% 
Total 53% 47% 
 
Most of the lagomorphs (96%) retrieved were either fully or partially consumed by the cat. 
Rodents and birds were less frequently consumed by the cat (Table 3.2). Of the prey items 
retrieved 5.7% were returned home alive. Of the prey returned home dead (94.3%) 74% of 
these were subsequently fully (consumed entire animal apart from feathers, fur, tail and/or 
guts) or partially consumed by the cat. 
 
Table 3.2. Shows the percentages of the main prey types that were left intact by the cat when returned 
home and the percentage of prey that were subsequently either partially or entirely consumed by the 
cat. 
 
Type of prey Percent intact Percent consumed 
Lagomorph 4% 96% 
Mouse 45% 55% 
Rat 57% 43% 
Bird 38% 62% 
Insect 100% 0% 
Lizard 66% 34% 
Total 26% 74% 
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Cats returned prey home or prey was discovered by the cat owner most frequently in the 
morning, compared with during the day/afternoon or at night/evening (Table 3.3). 
 
Table 3.3. Shows the percentages of the time of day when the cat when returned prey home (or when 
prey was discovered). 
Time of day retrieved Percentage 
Morning 66% 
Afternoon 12% 
Evening 22% 
 
 
1.4. Discussion 
The results of this study are consistent with previous prey recording studies where > 50% 
of cats retrieved little or no prey over the study period (Baker et al., 2005; Barratt, 1997b; 
Morgan, 2002; Woods et al., 2003) The mean number of prey retrieved per cat (16 ± 4.5 
S.E.) is similar to previous prey recording studies in Auckland (Gillies & Clout 2003) and 
in the U.K. (Woods et al. 2003), but higher when compared to cats living in urban 
Christchurch (Morgan 2002) and in Canberra, Australia (Barratt, 1997b) (see Table 3.4). 
The data were collected over a six month period and if extrapolated over the entire year, an 
estimate of 31 (± 9 S.E.) prey items retrieved per cat per year is calculated. Additionally, by 
applying a multiplication rate of 3.3 to include prey that were killed, but never returned 
home (from Kays and DeWan 2003) the estimate per cat is 103 prey killed per year. 
Potentially this could mean that each cat in this study could on average kill 1 insect, 1 
lizard, 12 birds, 49 rodents and 39 lagomorphs each year. 
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Table 3.4. Yearly mean prey retrieval rates for domestic house cats from previous prey recording 
studies conducted in New Zealand and around the world. 
Location Prey retrieval rate 
(prey/cat/year) 
 Source 
Auckland, NZ 21 (n = 80)  Gillies & Clout (2003) 
Christchurch, NZ 11.5 (n = 88)  Morgan (2002) 
Canberra, Australia 14.2 (n = 138)  Barratt (1997) 
Albany, New York, USA 20 - brought home (n = 12) 
66 - observed directly (n = 11) 
 Kays & DeWan (2004) 
United Kingdom 27 (n = 986)  Woods et al.(2003)  
Charteris Bay, NZ 31 (n = 19)  This study 
 
The results of this study are consistent with the view that cats are primarily predators of 
small mammals (Barratt, 1997b; Bradshaw, 1992; Turner and Meister, 2000). Small 
mammals; house mice and juvenile rabbits made up 80% of the prey items retrieved. It has 
been suggested that cats have a behavioural specialisation, which creates a preference for 
capturing small burrowing rodents, and in addition this subsequently reduces the successful 
capture of birds (Turner & Meister 2000). Abundance and availability of the prey type also 
pays an important role. Rodents and lagomorphs reach their highest density in autumn 
(March – May) as juveniles leave the nest (Daniel, 1972). Rats, however, were not 
commonly retrieved compared with mice and rabbits, which may reflect rat aggression and 
difficulty in handling rather than availability. Rats were also less likely to be consumed by 
cats compared with rabbits, birds and mice, which suggests that cats may avoid unpalatable 
prey (Fitzgerald & Turner, 2000). 
1.4.1. Limitations 
The prey recording period encompassed summer, autumn and winter, but not spring, which 
may have created a disproportionate percentage of mammals when compared with birds. 
Spring is a vulnerable time for fledgling birds leaving the nest and thus it would be 
expected that a higher number of birds may have been recorded for this period. Of the birds 
recorded in this study 89% were adult birds. However, it is also possible that cat owners 
may have under-reported the number of birds killed and over reported the number of 
rodents and lagomorphs. This sometimes occurs because cat owners try to create a better 
picture of their cats hunting abilities, and or wish to hide the fact that their cat does kill 
birds (Woods et al. 2007).  This form of bias is hard to remove, especially when most cat 
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owners are aware of the issue of the impacts of cat predation on native bird species. 
Another form of bias was the likely under reporting of invertebrates and lizards; this may 
have been because cat owners perceived that invertebrates were not an important part of the 
study. However, cat age is usually a predictor of the importance of invertebrates as prey. 
Young cats, particularly juvenile cats less than one year old have been found to predate 
heavily on invertebrate prey (Fitzgerald & Turner, 2000; Morgan, 2002; Gillies & Clout 
2003). None of the cats in this study were juveniles, therefore this may account for the low 
numbers of invertebrates recorded. One major problem was the inconsistency in the 
accuracy of the species recorded by cat owners. While some cat owners were confident 
with their identification abilities and did not collect remains for further identification and 
others who were less confident did collect and freeze or photograph remains there was a 
third group who were less confident but did not collect remains (however, no data was 
collected for this). This meant that results were only able to be presented as counts of 
groups rather than species; however, the data collected still provide vital information about 
the prey types and availability.  
1.4.2. Conclusions 
Without knowledge of the natural mortality and breeding success of prey populations, it is 
not possible to quantify the effects of cat predation (Gillies & Clout 2003). However, these 
data do provide some insights into the possible effects of domestic cat predation on 
wildlife. This study shows that the domestic cats in this study are primarily predators of 
small mammals, but will predate other prey if available. Reducing the predation activity of 
the cats in this study is unlikely to benefit native species and it is possible that the reduction 
of rodents may provide some benefit to native invertebrate, lizard and bird populations. 
However, the current status of some of our native species, such as the kereru – listed as 
threatened and in decline, means that the benefits provided by a cats pest control abilities 
are outweighed by the removal of just a few individuals from the population (Prendergast, 
2006). Although long periods of apparent coexistence are possible between domestic cats 
and potential prey, impact may occur if `rogue' individuals develop hunting skills for 
particular prey species at any time. The impact is likely to be major if the prey population is 
small when predation begins (Dickman, 1996). 
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Chapter 4: Home range size and movements of 
feral and domestic house cats 
 
1.1. Introduction 
1.1.1. Background of home range analysis  
Home range analysis is a way to describe an animal’s use of space over a time period 
(Garton et al., 2001), and also describes the area used by an animal executing its normal 
activities, which is important to the study of the animal’s ecology and behaviour (Harris et 
al., 1990). Conventional radio-tracking is the most commonly used method to collect home 
range data and is beginning to be replaced by GPS technology, which allows greater spatial 
and temporal ranges to be defined. Basic analysis such as home range size, shape, overlap, 
movement from specific sites and habitat selection are important factors in the study of an 
animal’s behaviour. Additionally, these factors can aid in management decisions, for 
example, to determining the size of an area to be protected to conserve a particular species, 
optimum spacing for trap lines, and habitat selection for releasing a founder population. 
1.1.2. Domestic cat home range ecology and background 
Previous studies suggest that although food abundance and distribution does have an 
influence on home range size, cat density has a stronger influence with the largest home 
ranges found at the lowest density of cats (Figure 4.1). The smallest home ranges are found 
in dense populations with rich, clumped food resources; intermediate ranges are found in 
farm cats and the largest ranges belong to feral cats living on widely dispersed natural prey. 
Male cat home ranges are generally much larger than females (up to 3 times larger) and are 
influenced by female distribution, because female access is a limiting factor (Liberg et al., 
2000). The movements of domestic house cats, however, are not influenced by food 
distribution and the amount of food a cat is fed by its owner has little influence on foraging 
behaviour (Fitzgerald and Turner, 2000). In fact, because house cats are not influenced by 
prey abundance, they often reach very high densities, which may drive population declines 
of vulnerable prey species (Fitzgerald, 1988).  
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Figure 4.1. Figure from Turner and Bateson (2000) page 125. Relationship between density and home 
range size in male and female cats. Numbers refer to studies in another figure. Regression lines shown. 
Scales are transformed to natural logarithms. 
 
Other factors may influence movements, considering that house cats can move considerable 
distances away from the home food source; usually to hunt. Domestic house cats living 
near or on the periphery of a natural area will have greater mean movements and larger 
maximum movements from the home and into the natural area. Sub-ordinate males in urban 
areas may have to move further to avoid more dominant cats (Morgan, 2002). In general, 
cats are more active for longer periods in spring and summer than in winter and autumn 
(Fitzgerald & Turner, 2000). (Barratt, 1997a) found that day-time home ranges were 
smaller than the night-time ones, with some variation between sexes, especially for nursing 
females.  
 
Cats with larger home ranges and movements brought home a greater number and diversity 
of prey (Morgan et al., 2009). This behaviour is of concern because cats with larger ranges 
are more likely to encounter threatened species and prey upon it than those with smaller 
ranges. In addition, the particular habitat which a cat has access, may influence home range 
and movements; cats living on the edges of natural areas catch more prey than those further 
from the edge (Meek, 2003). In areas where threatened species are in close proximity to 
residential areas there is significant risk from domestic house cats (Meek, 2003). 
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Home range size varies by three orders of magnitude between domestic house cats and feral 
cats. Both types of cats maintain a small core area of their home range as exclusive 
property, but will tolerate other cats in the rest of the home range (Gillies & Fitzgerald, 
2005). The social organisation of group-living, or ‘owned’ cats, is similar to that of feral 
cats. The group is typically comprised of several related adult females and their young, and 
either one or more adult males that are loosely attached to the group. Young females will 
either remain with the group or leave and establish a new colony, while young males will 
leave or be driven from the group as they reach sexual maturity (Gillies & Fitzgerald, 
2005). Adult male feral cats usually maintain exclusive home ranges that overlap with 
females, while female ranges will often overlap with all other cats (Gillies & Fitzgerald, 
2005). 
1.1.3. Home range analysis 
Home range estimators are a numerical estimation of the area used by an animal (White and 
Garrott, 1990). Two types of estimators are determined using parametric and non-
parametric methods, each of which has advantages and disadvantages. Non-parametric 
methods are more robust and do not rely on assumptions that location data fit a gaussian 
statistical distribution, but do not allow for good comparability between studies (Kernohan 
et al., 2001). Parametric methods require independence of locations and are more 
influenced by outliers. Using both types of estimators is recommended, along with 
justification of their use and associated parameters (Harris et al., 1990). The most common 
non-parametric method used is the minimum convex polygon (MCP), created by linking 
the outermost locations. Because it is sensitive to “outliers” the removal of 5% outermost 
locations is commonly implemented in the analyses (White and Garrott, 1990). However, 
100% locations were used so that comparisons could more easily be made between studies 
also commonly using the 100% MCP method. The kernel density estimators (KDE) are the 
most commonly used parametric home range estimator, it calculates boundaries based on an 
animal’s probability of occurrence at each point in space. Fixed rather than adaptive kernel 
methods are preferred and are considered more accurate and precise, especially for 95% 
home range estimates. 
1.1.4. Study aims and justification 
The study of cat home-range is important for the protection of threatened native species. 
Information on cat habitat use or movements may reveal cat hunting areas (Mesters, 2008). 
The information can also help to gauge how far a cat is willing travel to reach a hunting 
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ground, which will be important of the implantation of policies such as buffer-zones or cat 
free zones in a particular area. The information provided by this study in combination with 
other studies in New Zealand may help to develop proposals for policies to reduce domestic 
cat impacts in New Zealand. Data on pet cat movements could also help in future decisions 
for the locations of wildlife reserves, and to aid urban planners to create landscapes with the 
ability to reduce the threat to nearby endangered native species (Mesters, 2008)   
 
This chapter aims to determine home-range size and maximum foray distances of domestic 
and feral cats living near to Orton Bradley Park, a site important to the threatened native 
bird, the kereru, to determine the potential for cats to impact the kereru population. 
 
 
1.2. Methods 
To determine whether cats were using Orton Bradley Park, a sample of domestic cats from 
Charteris Bay (see Chapter 2 for map) were fitted with GPS collars (Figure 4.2) to track 
their movements by satellite telemetry. GPS-tracking of domestic house cats was approved 
by the Lincoln University Animal Ethics Committee (Appendix 1). 
1.2.1. Cat recruitment 
Cat owners were recruited into this part of the study during the initial survey period and 
were asked to sign consent forms to allow their cat to be tracked using a GPS collar. Twenty 
cats were recruited into the study. Cats less than two years of age were excluded to ensure 
that cats were both physically and socially mature. Cats in the small/light category of 
weight were also excluded to ensure the collar would not exceed 5% of their body weight. 
The cats were then selected using a systematic randomization method to obtain a sample of 
10 cats, to give the most random and unbiased sample possible. The sample size was 
reduced to eight when one of the cats fell sick and one rejected the collar (persistently 
trying to remove the collar). 
 
After cats were weighed to ensure body weight was adequate (> 2.6 kg), GPS collars 
(Sirtrack Ltd, Havelock North, New Zealand) were then fitted (Figure 4.2). Collars were 
fitted as tightly as possible without discomfort to prevent the cat from getting caught on an 
object. Cat owners were then asked to observe the cats behaviour and for any signs of 
irritation. Cat owners could contact me by phone if there were any problems and/or remove 
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the collar if concerned. Cats wore the collars for 7 – 10 days depending on how well the cat 
appeared to cope with the stress generated by the collar. Collaring begun in mid June 
(winter) and ended in early December (summer) 2008.  
 
 
Figure 4.2. “Timmy” a domestic house cat wearing the GPS collar (C. Hansen). 
 
1.2.2. Feral cats 
We attempted to obtain a sample of ten feral cats using live trapping. Live trapping and 
GPS-tracking feral cats was approved by the Lincoln University Animal Ethics Committee 
(Appendix 1). Cats were excluded if their weight was less than 2.6 kg in order to fit with 
Animal ethics guidelines. 
 
Live trapping of feral cats 
Nineteen standard wire cage traps (Grieve Wrought Iron, Christchurch) left unset were 
placed in the field for two months prior to the trapping period, to allow the cats in the area 
to become familiar and less weary of the cages. Baits as lures were introduced into the 
cages leading up to the trapping period. The cages were covered with hessian sack or 
camouflaged and secured firmly to the ground. During a trapping event, cages were set in 
the late afternoon and then checked the following day between 6 -7 am. The baits consisted 
of a combination of chicken hearts, chicken pieces, sardines, fish oil and hare meat. The 
trapped cats, in the cage trap were then transported to the Johnson Memorial Lab at Lincoln 
University and anaesthetised by the oral anaesthetic, Isoflurane, with the supervision of a 
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registered user (Jane Arrow, Karen Washbourne or Ryan Moffat). The Animal Facility 
Quality Manual (SOP 5.7) was followed for the isoflurane procedure (Appendix 3).  Cats 
were weighed, sexed and health accessed before the collar was attached. The time release 
device was set for seven days after capture, allowing the retrieval of the collar without 
having to re-trap the cat. The cat was then allowed to recover from the anaesthetic and was 
transported back to the location it was trapped and released (Figure 4.3). 
 
 
Figure 4.3. A live trapped feral cat in cage trap with GPS collar attached (C. Hansen).  
 
Isoflurane procedure 
The oral anaesthetic isoflurane (gas) was administered to feral cats. This anaesthetic is 
registered for use on cats and was administered by a registered user with experience with 
handling feral cats (Figure 4.3). Isoflurane anaesthesia is ideal for manipulations taking 
several minutes to complete. Isoflurane is a non-flammable, non-explosive, inhalation 
anaesthetic solution. Induction and recovery from anaesthesia is typically smooth and 
uneventful and the level of anaesthesia may be changed rapidly and predictably during 
maintenance (Appendix 3). 
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Figure 4.3 . Johnson Memorial Animal laboratory supervisor with anaesthetised feral cat with GPS 
collar attached (C. Hansen). 
 
1.2.3. GPS collars 
Three collars were available for use. One of the collars was specially modified for use with 
a domestic cat buckle-closure collar (to allow easy removal by the cat owner) and weighed  
130 g. The other two collars retained the original nut and bolt closure, had the replaceable 
battery option removed and a time release mechanism installed for use with feral cats and 
also weighed 130 g. The units were encased in a waterproof epoxy resin. The domestic cat 
unit had replaceable C123 lithium manganese dioxide cells for the GPS and a non-volatile 
memory to store location data (GPS coordinates of the wearer) until it is downloaded. 
Battery life was estimated at 40 days, the replaceable batteries were changed after two uses. 
All three units were equipped with a standard VHF transmitter with a whip antenna, which 
allowed the wearer or the collar if lost, to be located in the classic manner of triangulation 
(Figure 4.4). The VHF transmitter was powered by a ½ AA cell giving 12 months life and 
could be switched off when not in use. The GPS collars were scheduled to record location 
data once every hour during a full 24 hr period, and if a ‘fix’ (location) was not achieved 
within three minutes the unit would ‘give up’ until the next hour in order to preserve the life 
of the battery. The feral cat collars had the battery replaced while the time release 
mechanism was being refurbished at the manufacturer. 
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The time-release mechanism consisted of a bolt that was set to a pre-determined time and 
date, when triggered the collar would fall off and could then be located by VHF 
triangulation (Figure 4.4). 
 
 
Figure 4.4. Photograph of author locating a GPS collar by triangulation at Orton Bradley Park. 
 
1.2.4. Sampling interval of locations 
Regularly spaced locations of one hour were used to gather a representative sample of the 
time spent in various areas and more precise home range estimates (Fieberg, 2007). Hourly 
sampling intervals are likely to be an adequate length of time to allow a domestic cat to 
move between points in its home range and thus fulfil the assumption of independence of 
successive locations in home range analysis (Swihart and Slade, 1997). Each cat in the 
sample was fitted with a collar for 7 -10 days (adequate time determined to reach a home-
range size asymptote). 
1.2.5. GPS accuracy 
The receivers used in the study had an accuracy of ± 5 m R50 circular error probable (CEP) 
which means 50% of fixes are within five meters and 90% are within eight meters of their 
true position (Sirtrack User Manual, 2007). The CEP varies with canopy cover, terrain 
obstruction and signal quality. Accuracy can be improved by deleting 2-D fixes (3 
satellites); however, this may introduce bias into analyses of space and habitat. Another 
measure of accuracy, the horizontal dilution of precision (HDOP), is an estimate of the 
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accuracy of a location as determined the satellite geometry. It is a unit-less number from 0 – 
99 (Sirtrack User Manual, 2007). Data points with values greater than 9.9 are removed to 
increase accuracy and remove possible outlier locations with less risk of introducing new 
biases. 
1.2.6. Raw data 
Raw location data (latitude and longitude), date and time of acquisition, speed and heading, 
number of satellites, and HDOP (indicator of position accuracy) were downloaded for use 
in ArcMap 9.1 GIS software (ESRI, Relands, CA, USA). Data were converted from the 
standard GPS World Geodetic System (WGS1984) to the New Zealand Map Grid 
coordinate system. Time data were converted from UTC time to New Zealand standard 
time. Another dataset was then created for conversion in UTM grid coordinates for home 
range analyses in RANGES 8 software (Kenward et al., 2008). Location data with a HPOP 
above 9.9 were removed from the data set.  
1.2.7. Home range analysis 
Data were analysed using the software package RANGES 8 (Kenward et al., 2008) which 
analyses the spatial distributions of animal with home range estimators. Incremental 
analyses were used to determine whether the home range estimates reach an asymptote to 
ensure an adequate sample size has been used. MCP and kernel-density estimators are used 
for home range estimates. 100% MCP, 95% and 50% fixed kernel density estimates were 
calculated using the reference bandwidth and were chosen to allow the best comparison 
with other studies. The coordinates of the cat’s household were then used to measure mean 
and maximum straight line distances moved. The 50% estimate or core area represents 
areas of high usage with a home range. Home range estimates were calculated for all cats, 
males and females separately, and for day and night movements.  
 
Using the statistical programme R 2.9.0 (R Development Core Team, 2009) the effect of 
time of day was tested by categorising the data into nocturnal and diurnal ranges using 
sunset and sunrise times over the tracking period. Wilcoxon tests were used to test for 
differences in home range and movements for the two time periods and Mann-Whitney U 
tests were used to test the effect of sex on home range and movements. Spearman’s rank 
correlations were used to test for a relationship between home range size and cat 
management and physical aspects such as size, age, cats per household, the season in which 
they were tracked and the distance the cat lived form Orton Bradley Park. The relationship 
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between the distance of a cat’s home to Orton Bradley Park and its home range size and 
maximum distance travelled were investigated using Spearman’s rank correlation. The 
relationship between the number of prey retrieved by the cat and home range size and 
maximum distances travelled were also investigated using Spearman’s rank correlation.  
 
Home range overlap was calculated in RANGES 8 (Kenward et al., 2008) as a percentage 
of each cats’ 100% MCP that overlaps with each other cat. 
4.2.8. Geographical Information systems (GIS) 
GPS fixes and home range “shapefiles” from ranges were imported into ArcGIS™. 
Databases were used to create maps of Charteris Bay and Orton Bradley Park to give 
perspective to the ranges of the cats. 
 
 
4.3. Results 
4.3.1. Incremental analyses 
Visual inspection of sequential locations plotted against home-range size suggests one of 
the domestic cat’s home ranges (Flossy) was not fully revealed by the length of time they 
were collared. The data have been retained in the analyses because 115 fixes were achieved 
and is considered sufficient for “robust” home range estimation. The feral cat’s area was not 
fully revealed by the 95 fixes achieved, the plotted area had become stable between 76 – 92 
fixes and then increase by 29 ha in the final three locations. Again the data was retained 
because it is likely that this cat did not have an established home range area or was larger 
than the sampling time fully revealed. 
4.3.2. Home range size of feral and domestic house cats 
Home ranges and cores areas for the domestic cats are shown in the Table 4.1, Figure 4.5 
and Figure 4.6 below. Home range sizes of the cats (n = 8 cats, 553 location fixes) for the 
100% minimum convex polygon (MCP 100%) ranged from 0.7 to 13.4 ha for domestic 
house cats (Figure 4.5) and was 415 ha for the feral cat. Home range for the kernel contours 
ranged 0.3 to 15.1 ha for the 95% fixed kernel estimate (KE 95) and core areas ranged from 
0.1 to 4.24 ha (KE 50) (Figure 4.6). The smallest home range was “Queenie” who was 
restricted indoors at night. The feral cat’s home range was 27 times larger than the largest 
domestic cat in this study. 
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4.3.3. Sex differences 
Home range size of male cats were not significantly larger from that of females (Table 4.1), 
(Mann-Whitney U; MCP: U = 2.5, p = 0.1465; KE95: U = 4, p = 0.3094). Core home range 
areas of male cats were not significantly different from that of females (KE 50: U = 4, p-
value = 0.3429) (Table 4.1). 
 
Table 4.1 Home range and core areas for all cats as determined by minimum convex polygon (MCP) 
and kernel-density (KE) estimation 
 
Type 
 
Sex 
No. 
of fixes 
Home range area (ha) 
 
           MCP 100                       KE 95 
Core area (ha) 
 
KE 50 
Feral F 95 415 416 127 
Domestic      
Lucy F 70 2.2 1.0 0.31 
Flossy F 115 6.3 2.5 0.63 
Zoe F 97 1.2 0.5 0.13 
Queenie F 32 0.7 0.3 0.1 
Mean ± s.e. 
(n = 4) 
F  2.6 ± 1.3 1.1 ± 0.5 0.3 ± .12 
Pisco M 60 2.6 0.6 0.17 
Einstein M 89 2.2 0.6 0.18 
Couscous M 31 13.4 15.1 4.24 
Tigger M 59 9.6 6.6 1.6 
Mean ± s.e. 
(n = 4) 
M  6.95 ± 2.7 5.7 ± 3.4 1.55 ± 0.96 
Domestic 
mean ± s.e.  
(n = 8) 
F/M  4.78 ± 1.62 3.40 ± 1.83 0.92 ± 0.51 
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Figure 4.5. A map of Orton Bradley Park and Charteris Bay shows the 100% MCP home ranges for all 
of the cats in the study. 
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Figure 4.6. Map of domestic house cat home ranges. 95% kernel-density estimators (KE95) are the 
outer rings, 50% kernel-density estimators (KE50) or ‘core areas” are the inner rings. 
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4.3.4. Diurnal and nocturnal ranges 
Nocturnal home ranges sized ranged from 0.46 to 14.0 ha and diurnal ranges ranged from 
0.22 to 10.65 (Table 4.2). Overall nocturnal home range sizes (KE95) were significantly 
larger than diurnal ranges (Table 4.2, Wilcoxon test; W = 28, p-value = 0.01563). Core 
home ranges (KE50) were significantly larger (Table 4.2, W = 28, p-value = 0.01563).  
 
Male diurnal ranges (KE95) were not significantly larger than female diurnal ranges 
(Mann-Whitney; U = 6, p = 0.6857). Male nocturnal ranges (KE95) were not significantly 
larger than female nocturnal ranges (U = 4, p = 0.6286). Female diurnal ranges (KE95) 
were not significantly different to their nocturnal ranges (W = 6, p = 0.25). Male nocturnal 
ranges were significantly larger than their diurnal ranges (W = 10, p = 0.125). 
 
Table 4.2. Diurnal and nocturnal home range areas for each cat as determined by kernel-density (KE) 
estimation.  
Name Sex Diurnal home range data (ha) 
KE95                          KE50 
Nocturnal home range data (ha) 
KE95                          KE50 
Lucy F 0.56 0.18 2.27 0.65 
Flossy F 1.26 0.41 4.21 1.13 
Zoe F 0.34 0.10 0.46 0.16 
Queenie F 0.3 0.1 - - 
Mean ± s.e. 
(n = 4) 
 0.6 ± 0.23 0.2 ± 0.07 2.31 ± 1.08 0.65 ± 0.28 
Pisco M 0.22 0.06 1.16 0.28 
Einstein M 0.43 0.14 0.85 0.23 
Couscous M 10.65 2.38 14.0 3.81 
Tigger M 3.66 0.56 7.32 2.35 
Mean ± s.e. 
(n = 4) 
 
 3.74 ± 2.43 0.79 ± 0.54 5.83 ± 3.11 1.7 ± 0.87 
All cats 
Mean ± s.e. 
(n = 8) 
 2.17 ± 1.3 0.49 ± 0.28 4.32 ± 1.86 1.23 ± 0.52 
1.3.5. Straight line analyses 
Straight line distances from each location to the GPS coordinates of the cat’s household are 
summarised in table 4.3. Maximum straight line distances moved from the home site 
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ranged from 80 to 301 m. The longest maximum distance was recorded for Couscous (301 
m). Flossy had the longest maximum distance for females (300 m). The 95% confidence 
interval for maximum straight line distances was 136 to 262 m. Male and female maximum 
straight line distances did not differ significantly (Mann-Whitney; U = 10, p = 0.6857).  
 
Mean male straight line distances were longer (78.5 ± 26 S.E. m) than females (35.5 ± 8 
S.E. m) (Figure 4.8). Male and female mean straight line distances did not differ 
significantly (U = 14, P = 0.1143) (CI = 25.3 – 86.2 m). Mean nocturnal straight line 
distances for female and males combined were significantly longer than diurnal distances 
(Wilcoxon; W = 5, P = 0.1563).  
 
Table 4.3. Maximum and mean straight-line distances to locations from each cat’s home. 
Name of cat Sex 
Overall straight line distances 
(m) 
     Max                Mean ± s.e 
Time of day straight line 
distances (m) 
Diurnal                      Nocturnal 
Mean ± s.e                 Mean ± s.e 
Lucy F 207 32 ± 4 25  ± 3 55 ± 6 
Flossy F 300 59 ± 6 45 ± 5 97 ± 7 
Zoe F 121 21 ± 2 19 ± 2 25 ± 2 
Queenie F 80 20 ± 3 20 ± 3 na 
Mean ± s.e. 
(n = 4) 
 177 ± 49 35.5 ± 8 27 ± 6 59 ± 21 
Pisco M 115 40  ± 4 29 ± 1 53 ± 5 
Einstein M 173 37 ± 3 34 ± 3 43 ± 4 
Couscous M 301 150 ± 15 163 ±  14 135 ± 16 
Tigger M 295 87 ± 8 79 ± 9 104 ± 12 
Mean ± s.e. 
(n = 4) 
 221 ± 46 78.5 ± 26 76 ± 31 84 ± 22 
Mean ± s.e. 
(n = 8) 
 199 ± 32 56 ± 15.5 52 ± 17 73 ± 15 
1.3.6. Cat management and physical characteristics 
There was no significant correlation between a cats home range size (MCP) or maximum 
distance travelled from home and age, cat size, number of neighbouring cats, number of 
cats in the household, feeding frequency (number of times fed in a day) and the season that 
cats was tracked in (Table 4.4).  
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Table 4.4. Spearman's rank correlations for cat management and physical characteristics and home 
range size and maximum distance travelled. 
 Age Size Number of 
neighbouring 
cats 
Number of 
cats in 
household 
Feed 
frequency 
Season 
tracked in 
Home range 
(ha) 
rs = -0.23 
p = 0.585 
rs = 0.567 
p = 0.443 
rs = -0.131 
p = 0.757 
rs = -0.165 
p = 0.697 
rs = -0.184 
p = 0.663 
rs = -0.412 
p = 0.737 
Maximum 
distance (m) 
rs = -0.228 
p = 0.588 
rs = 0.507 
p = 0.199 
rs = 0.02 
p = 0.951 
rs = -0.218 
p = 0.604 
rs = -0.183 
p = 0.605 
rs = -0.54 
p = 0.167 
 
1.3.7. Distance of the cats home to Orton Bradley Park 
No significant correlation was found between the distance a cat lived from Orton Bradley 
Park and its home range size (MCP) (Spearman’s rank correlation; rs = 0.223, P = 0.5957). 
No correlation was found between the distance a cat lived from Orton Bradley Park and its 
maximum distance travelled from home (rs = -0.048, P = 0.9103). 
1.3.8. Prey retrieval  
No significant correlation was found between a cat’s home range size (MCP) and the 
number of prey retrieved (rs = 03.44, P = 0.4046). No correlation was also found between 
the maximum distance travelled from its home and the number of prey retrieved (rs = 0.439, 
P = 0.2763). No correlation was found between the distance a cat lived from Orton Bradley 
Park and the number of prey retrieved (rs = -0.515, P = 0.1911).  
1.3.9. Overlap in home ranges 
The highest rate of overlap occurred for Flossy with three other cats’ home ranges. The 
largest overlap occurred between Pisco and Einstein (95%) who live in the same household 
(Figure 4.4). 
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Table 4.5.  Percentage of overlap in home ranges (MCP 100) between each cat. Vertical cat column cats 
range percentage that overlaps with the corresponding cat in the horizontal rows. 
 
Cat L
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Lucy . 0 0 0 0 0 0 0 
Flossy 0 . 13 10 1 0 0 0 
Pisco 0 9 . 95 7 0 0 0 
Einstein 0 6 95 . 0 0 0 0 
Zoe 0 1 1 0 . 0 6 0 
Couscous 0 0 0 0 0 . 0 0 
Tigger 0 0 0 0 3 0 . 0 
Queenie 0 0 0 0 0 0 0 . 
 
 
 
4.4. Discussion 
4.4.1. Home range estimators 
Two of the most commonly used home range estimators were used when displaying the 
results of this study. As previously mentioned they both have advantages and 
disadvantages; minimum convex polygons are thought to overestimate home range size, but 
they are robust and do not rely on assumptions of data conforming to a particular 
distribution, which is good as animal space use rarely confirms to specific parameters 
(Kernohan et al., 2001). In addition, many previous studies on home range have used this 
method, so it allows comparisons between these studies. Increasingly kernel density 
estimators are being used to estimate home range size; the kernel method is favoured 
because it does not require a known probability distribution, are robust to changes in the 
spatial resolution of the data and are less sensitive to outliers (Kernohan et al., 2001). 
Therefore, kernel estimators are also represented in the results to allow comparison with 
studies in the future, which are increasingly using this method. 
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4.4.2. Home range comparisons 
The home range sizes of domestic house cats in Charteris Bay are similar to other studies of 
house cats in New Zealand (Table 4.6). Charteris Bay house cat home ranges were much 
smaller than feral cats (Table 4.6), which is also consistent with previous studies. The home 
range sizes of Charteris Bay house cats were slightly larger than those in an urban area of 
Christchurch city (Morgan, 2002). The home ranges of house cats in Charteris Bay are 
likely to have been influenced by a lower density of cats compared with Christchurch city. 
Access to large natural areas and hunting grounds is also likely to influence the movements 
of cats in this study. The home ranges of the cats in this study compare with the results from 
Mesters (2008) Otago Peninsula and Kaitorete Spit cats, but not with cats from Macraes 
Flat, which had home ranges similar to those of a ‘farm’ cat (Metsers, 2008). 
 
The single feral cat home range successfully obtained is somewhat similar to other studies 
of feral cats in New Zealand (Table 4.6). The home range of this female cat is larger than 
some studies; this may reflect the low density of feral cats in the area, which is likely to be 
influenced by low prey abundance and high distribution (see Chapter 7). No home location 
was determined for the feral cat in this study, in the short time that she was tracked it was 
difficult to determine whether Orton Bradley Park was in fact her home location, on 
inspection of the data it appears that she was moving through the park, and may have 
continued on almost a straight path from west to east. Her home range appears to continue 
to increase in size and does not appear to have been fully revealed in 14 days. 
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Table 4.6. Mean home range sizes estimated by the MCP method for feral and domestic house cats 
from studies in New Zealand. 
 
Location 
 
Description 
 
Mean home range ± s.e. 
(ha) 
             M                    F 
  
Type 
 
Reference 
Northland Kauri-podocarp 
forest, pastureland 
and exotic forest 
446 ± 82 
(n =14) 
117 ± 40 
(n = 7) 
Feral (Gillies et 
al., 2007) 
Otago Peninsula Coastal grassland 207 ± 37 
(n = 7) 
148 ± 36 
(n = 3) 
Feral (Moller 
and 
Alterio, 
1999) 
Stewart Island Podocarp-
broadleaf forest 
2083 ± 914.7 
(n = 4) 
1109 ± 91.7 
(n = 3) 
Feral (Harper, 
2007) 
Charteris Bay Farmland with 
regenerating & 
exotic forest 
n/a 415 
(n = 1) 
Feral This study 
Christchurch Urban area, 
wetland fringe 
3.7 ± 1 
(n =12) 
1.2  ± 0.5 
(n = 9) 
Domestic (Morgan, 
2002) 
Otago Peninsula Suburban area, 
adjacent scientific 
reserve  
6 ± 2 
(n = 7) 
9 ± 5 
(n = 7) 
Domestic (Metsers, 
2008) 
Kaitorete Spit Small settlement, 
pasture and 
duneland 
10 ± 4 
(n = 8) 
3 ± 1 
(n = 3) 
Domestic (Metsers, 
2008) 
Macras Flat Small township, 
rolling hill-country 
72 ± 22 
(n = 9) 
37 ± 23 
(n = 13) 
Domestic (Metsers, 
2008) 
Charteris Bay Suburban area, 
farmland, natural 
areas 
7 ± 2.7 
(n = 4) 
2.6 ± 1.3 
(n = 4) 
Domestic This study 
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4.4.3. Home range influences 
Home-ranges of domestic house cats living in Charteris Bay had ten-fold variation in size 
between individual cats, the largest 100% MCP home range was 13.4 ha and the smallest 
was 0.7 ha. There is often difference in the home range size of individual cats within a 
study site. Some of this variation within a site and between study sites can sometimes be 
explained by a cat’s age, sex and weight, the season, cat densities, human and household 
densities, level of aggression, position of dominance, whether the cat is neutered and age of 
neutering and the level of human assistance (Metsers, 2008). The mean home range of male 
cats was more than twice the size of the females; however this difference was not 
statistically significant. The influence of cat age, age of neutering, weight, the number of 
neighbouring cats and number per household, types of food fed and feeding frequency were 
not analysed properly in this study due to insufficient sample sizes, correlation tests; 
however, showed no relationship between the continuous variables and home-range size. 
The four seasons were tested (Mann-Whitney) and no significant difference was found 
between home range size, and for maximum and mean straight line distances. 
 
Time of day did have a significant influence on range sizes and maximum distances 
travelled. Nocturnal ranges and maximum distances travelled were both significantly larger 
than diurnal ranges and movements. Modern cats are somewhat diurnal and this may be an 
effect of domestication or an adaptation to life with diurnal humans (Liberg et al., 2000). 
Cats may have a flexible hunting strategy and activity may be modified to coincide with 
their prey availability; birds in the morning, reptiles in the afternoon and mammals at night 
(Barratt, 1997b). Eighty percent of all prey retrieved in this study (Chapter 3) were 
mammals, which may account for greater movements at night. Queenie was the only cat in 
this study to be restricted indoors at night and her day time range size did not appear to 
compensate for this; she had the smallest home range size in this study and consequently 
had the lowest prey retrieval rate.  
 
Extensive home-range overlap is generally not expected between domestic house cats, 
except for those with a shared owner (Liberg and Sandell, 1988). Considerable overlap 
occurred between Pisco and Einstein the two cats in this study with shared owners.  Flossy; 
however, also appears to overlap ranges with Pisco and Einstein occasionally (>10% 
overlap) and infrequently with Zoe (1%). Male and female cats are more likely to have 
overlapping ranges, while exclusive ranges are more likely to be maintained within sex. 
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Domestic cats, however, are unlikely to be as motivated to maintain exclusive hom- ranges 
as food distribution and access to mates because all cats were neutered thus impairing 
mating motivation (Liberg and Sandell, 1988). 
1.4.4. Home range and Prey retrieval rates 
No correlation was found between a cats range size and maximum distances travelled and 
the number of prey items retrieved (results from Chapter 3). This may have been due to 
sample size or because cats in this study may not have had to travel far to reach hunting 
grounds with access to abundant prey within their home sites or areas immediately 
adjacent. The distance of a cat’s home to the border of Orton Bradley Park was not related 
to home-range size or maximum distances travelled. Most of the cats in this study had 
immediate access to other natural or farmland sites likely to be used as hunting grounds. 
Most of the cat’s maximum distance travelled far exceeded the distance required to travel 
from the home site to Orton Bradley Park. Three of the cats in this study travelled into 
Orton Bradley Park. It is unlikely that the cats in this study were specifically motivated to 
move into this area. In contrast, the cats in Morgan’s (2002) study living closest to the 
wetland had the largest ranges and largest movements into the wetland. The cats were 
living in a suburban area with little or no other natural areas in which to roam. 
 
When animals forage from a central point, e.g. the household of a domestic cat, the distance 
moved from the central location could give an indication of the area around cat households 
posing a predation risk to nearby sensitive wildlife areas (Morgan et al., 2009). Cats in this 
study showed the ability to move reasonable distances. Cats living in fully rural locations, 
with no restrictions such as roads, humans and dogs generally have larger ranges. Although 
the cats in this study did not utilise Orton Bradley Park as would be expected in cases 
where cats are living near to natural areas (Morgan, 2002), these cats would still have the 
potential to impact on sensitive and native species as Charteris Bay in addition to the park 
provides abundant feeding and nesting sites for native birds, lizards and invertebrates.  
1.4.5. Limitations 
There were two major issues regarding to the outcomes of this study, first was equipment 
failure and design faults. Tracking of both feral and domestic cats commenced six months 
later than scheduled due to equipment design and issues with the supplier. One of the 
collars from a feral cat was never relocated due to a very weak VHF signal caused by an 
unnecessary mortality switch or a fault in the time release device. Second was the labour 
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intensive and time consuming live trapping of feral cats. Live trapping using cage traps 
appears to be an ineffective method for capturing feral cats, this is evidenced by results 
from the camera trapping study (see Chapter 5), where feral cats were often seen on camera 
traps. Feral cats are often trap shy and are notoriously known to difficult to recapture 
(Fitzgerald and Karl, 1986). The time release devices in this case were necessary to the 
recovery of the data from the GPS collar; however, the technology is relatively new and 
appears it has not been tested well in the field. 
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Chapter 5: Camera trap study 
 
1.1. Background 
Feral cats are elusive and difficult to study. They are shy, sparsely distributed, and often live 
in remote or inaccessible areas. Accordingly, estimates of population size can be 
particularly difficult (Liberg et al., 2000). Current methods used to estimate population size 
include kill rates, spotlighting and visual tracking, all of which are time consuming and 
labour intensive. Alternative methods such as mark recapture are becoming more common 
(Karanth, 1995; Karanth and Nichols, 1998; Paramenter et al., 2003; Soisalo and 
Cavalcanti, 2006; Trolle and Kery, 2005; Trolle and Kéry, 2003) in addition, technology is 
more frequently used to reduce the time and labour needed. One such method, camera 
trapping, uses fixed cameras which are triggered by infra-red sensors, to ‘trap’ images of 
animals passing through the sensor. It is a quantitative technique that has relatively low-
labour costs, is non-invasive and incurs minimal environmental disturbance. 
 
Automatic camera trapping in combination with capture-recapture statistical modelling can 
be used to estimate populations of wild felids (Trolle and Kéry, 2003). The natural variation 
in the fur patterns can be used to identify individuals in tigers and ocelots (Karanth, 1995; 
Trolle and Kéry, 2003). A density estimate for the study site area can be calculated when 
combined with home-range data of the animals from the study site (Paramenter et al., 
2003).  
 
The live trapping of some animals, such as feral cats is arduous and time-consuming. In 
addition, the behaviour of trapped individuals can be altered; animals may become ‘trap-
shy’ or ‘trap-happy’ (Claridge et al., 2004). The use of camera traps can overcome these 
issues. The home range may be calculated from individuals visiting three or more camera 
trap sites instead of using conventional VHF radio tracking methods. Animals are less 
likely to have a negative experience causing ‘trap-shyness’ and recapture of the individual 
is much more likely (Claridge et al., 2004).  In addition to calculating density estimates for 
feral cats for a particular area, information about behaviour, distribution and habitat use of 
both feral cats and other pest species will allow areas to be targeted for future-control 
operations. Accurate estimates of abundance of feral cats are important for establishing 
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appropriate management plans for their control and for measuring the success of any 
control programme implemented (Forsyth et al., 2005). 
Camera trapping as been used to estimate abundance of the pheasant (Argus argusianus) 
(O'Brien and Kinnaird, 2008), cheetah (Acinonyx jubatus) (Marnewick et al., 2008), jaguar 
(Panthera onca) (Soisalo and Cavalcanti, 2006), ocelot (Leopardus pardalis) (Trolle and 
Kery, 2005), tiger (Panthera tigris) (Karanth and Nichols, 2002). Camera traps have also 
been used to study the behaviour of cryptic species such as the spotted-tailed quoll 
(Dasyurus macukatus) (Claridge et al., 2004) and provides additional information on other 
cryptic and endangered species, such information is of great importance in planning of 
conservation measures (Karanth and Nichols, 2002; Trolle and Kery, 2005). 
 
The aim of this study was to develop methods to effectively measure the feral cat 
population using camera trap systems. The objective for this particular chapter was to 
describe the various methods and their limitations. The results of all species captured in the 
camera trap study are presented, and the possible implications of these other species are 
discussed. Descriptive analyses for the feral cat population are given in Chapter 6. 
 
1.2. Methods  
1.2.1. Study area 
Orton Bradley Park is approximately 640 ha (see Chapter 1 for detail). The park was 
divided up in four main regions (left front, left back, right back and right front). The 
sampling area was based on the average size of a feral female’s home range because it is 
smaller than a males, but much larger than a domestic house cat (which was disregarded in 
this case because their population size is known and is not the focal subject) of 60 ha 
(Liberg et al., 2000). The park was divided into four ‘blocks’ of approximately 160 ha each, 
which were monitored in succession, this allowed each block to have at least four camera 
traps and thus covering all the possible home ranges of any female feral cats and 
encompassed all of the main vegetation types found within the park (see Appendix 2). 
Karanth & Nichols (2002) state that one of the most important aspects of camera trapping is 
to capture as many different individuals and to obtain as many photo recaptures as possible, 
so it is important to optimise trap placement in order to maximise the chance of a capture. 
Useful information will be direct signs of feral cats (tracks, scats, scrapes, kill sites and 
sightings). 
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Figure 5.1. Map of Orton Bradley Park showing the locations of each camera trap and the four sub-
divided regions. 
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5.3. Camera traps 
Camera traps consisting of digital compact cameras that were triggered by one of two 
systems. The first system was “homemade” and used an infrared beam set up between a 
transmitter and a receiver (Active system), which triggered a 4.0 megapixel digital camera 
when the beam was broken (Elliott, 2007). The second system consisted of a 
“DigitalEye™” 7.2 megapixel camera and an integrated passive infrared (PIR) motion 
sensor, which was triggered by "body heat and motion" (PixController Inc.).  
1.3.1. Active system 
The active system or “old camera traps” consisted of four camera traps rotated through trap 
sites 1 - 15 (see Figure 1) from 21 January 2008 (summer) to 24 November 2008 (spring) 
over 220 successful trap nights.  
 
Each trap site was a minimum of 200 metres apart. The sites chosen included areas which 
were likely to be used by cats (Felis catus), e.g. reasonably accessible (for both cats and 
humans), near to tracks made by humans or animals, where there were droppings of cats, 
rodents, lagomorphs or signs of kills. The sites chosen was restricted in multiple ways: 1) 
the site had to have minimal human interference (e.g. not on marked trails); 2) the site had 
to be within a patch of trees/bush; 3) two suitable trees had to have a spacing of between 2-
3 metres because of the transmitter’s limited range; and 4) the site needed to be reasonably 
flat to be able to line up the infrared beam between the transmitter and receiver. A GPS 
waypoint was taken at each camera trap site. 
 
Once a suitable site was located the transmitter and receiver were set between two trees 2-3 
m apart, approximately 20 cm from the ground (see Figure 2). Exceptions to this were 
made when the camera trap was setup across the truck of a fallen tree (Trap 2 and 14). No 
camera delay (time between photographs) was able to be set for this system and the camera 
traps were active 24 hrs. Tinned cat food (Chef™) was used as bait, was spread around the 
camera trap area, on trees, ground etc and was replenished on most occasions after the 
batteries were recharged. 
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Figure 5.2. Photograph shows set of the "active/old" camera trap set up. The camera box and infrared 
transmitter/receiver in the foreground, a reflector can be seen in the background which reflects the 
infrared beam back to the receiver. Inset at top - front view 
 
Twelve volt batteries provided power to the entire system and usually lasted between 2-7 
days. Camera trap operation and the batteries were checked on average every 2-4 days. 
Once the batteries reached below 10 volts they were disconnected and recharged overnight. 
The memory cards (128 MB) in the cameras were removed and the photographs were 
downloaded at this time. Both the camera trap system and batteries life of days degraded 
dramatically after approximately four months of use and the cold temperatures of autumn 
and winter further reduced camera trap function and battery life. The “old” system was then 
replaced by the “new camera traps”, which had several advantages, such as, longer battery 
life, longer range, and greater accuracy. 
1.3.2. Passive system 
The passive system or “new camera traps” consisted of four camera traps rotated through 
trap sites 16-31 (see Figure 1) from 20 November 2008 to 4 March 2009 over 359 
successful trap nights. 
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Figure 5.3. A photograph showing the attachment of the passive or “new” camera trap. 
 
Each trap site was a minimum of 200 m apart.  The sites were chosen using much the same 
criteria as the active cameras apart from the requirement for a tree with a straight trunk with 
a diameter of 15 - 35 cm. The traps where locked to the tree and thus were able to be used 
on areas with direct human contact (Figure 5.3). A GPS waypoint was taken at each camera 
trap site. 
 
A camera delay (time between photographs) was set at 10 seconds to maximise battery life 
and the camera traps were active 24 h per day. The camera traps were powered by two 
sources – a nine volt alkaline battery (lasting about four weeks) powering the PIR system 
and a rechargeable Li-Ion in the digital camera lasting 300 - 500 photos. Operation of the 
camera trap and batteries were checked on average every 5-7 d, during this time the 
batteries and memory cards (2 GB) were replaced with a spare set. Tinned cat food 
(Chef™) was again used as bait and was replenished on most occasions when the batteries 
were changed. 
1.3.3. All images captured 
Each image captured was categorised by time, date, location and species. Each camera trap 
site was categorised into cover type, forest type and dominant tree types, aspect, and to 
which of the four regions the trap was located (see Appendix 4). The aspect at each site was 
determined by a unit-less scale of flat, moderate or steep gradient. All species captured 
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were placed into one of eight groups (possums, rodents, hedgehogs, lagomorphs, mustelids, 
cats, birds and other). 
1.3.4. Cats 
All images across all camera trap sites were initially screened for the presence or absence of 
a cat. All positive images of cats were then grouped together as feral or domestic. Domestic 
cats were identified from a photo library of all cats living in the area. The images were then 
studied to determine individual cats from unique identifying features such as coat colour, 
markings, coat pattern, tail length and face shape.  
1.3.5. Possums 
Although there are clearly variations in the coat colour of the brushtail possum, individual 
animals were not able to be determined across camera traps sites. Accordingly, individual 
possums from individual camera trap sites were able to be determined for each night only 
by studying the images for variations in coat colour, markings on the face or ears and tail 
length. The length of time an individual spent at the camera trap site was documented and 
analysed, from the results it could be determined that images captured over one hour apart 
of an unrecognised possum implied a new individual. 
1.3.6. Rodents and others 
Most of the camera traps were generally set too high from the ground to capture rodents, 
mustelids or hedgehogs. Individuals could not be determined, other than for multiple 
sequential photographs. The species of rat was determined from coat colour, belly colour, 
foot colour and body-length to tail-length ratio (King 2000).  
 
Lagomorphs could not be individually identified, other than for multiple sequential 
photographs. The species could be determined by coat colour, eye colour and the pattern of 
black on the ears (King 2000). 
1.3.7. Statistical Analysis 
Camera trap performance was compared between the two camera trap types (Active and 
Passive systems) using Kruskal-Wallis tests for comparisons between trap type and the 
number of animals observed in each group. 
 
To estimate the population size of feral and domestic house cats the programme 
CAPTURE® was used to perform Capture-recapture analyses. The temporal pattern of 
sighting/non-sighting of individual cats contains information on the population size (for full 
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analysis, results and discussion see Chapter 6). Habitat use and distribution of the two 
groups of cats were compared using Mann-Whitney tests. 
 
Total numbers, percentages and distributions of all other species are presented without 
statistical analysis. Habitat use was compared using Kruskal-Wallis tests.  
1.3.8. Photographs 
Selected images from the camera traps have been presented. 
1.3.9. Species List 
A full species list of all camera trapped species and their scientific names can be found in 
Appendix 5. 
 
1.4. Results 
During the study period, 31 of the 34 camera trapping sites were successful. The outer 
polygon for the camera trap sites was an area of 432 ha. The total camera trap effort was 
579 trap nights, with an average of 18.67 nights (± 0.96 S.E.) per camera trap site.  
 
A total of 6941 photographic images were captured, of these 3306 were ‘positive’ images.  
Negative captures consisted of rain, insects, branches, leaves, grass, and fast moving 
animals that were not in the frame when the photo was taken. These negative images were 
removed from all analysis. The ‘positive’ images consisted of all warm blooded animals 
and fell into eight main groups: possums, rodents, hedgehogs, lagomorphs, mustelids, cats, 
birds, and other (stock and humans).  
 
The number of trap nights for the active camera traps was 220 with an average of 15.7 trap 
nights per camera trap, which was lower compared with 359 total trap nights and an 
average of 21.1 trap nights per camera trap for the passive camera traps (Table 5.1). The 
percentage of positive captures for the active camera traps was much lower than the passive 
camera traps (Table 5.1). The average number of positive captures per trap night was also 
much lower for the active camera traps than the passive camera traps (Table 5.1). 
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Table 5.1. The table shows total trap nights, average number of trap nights, percent of positive captures 
and the average number of the positive captures per trap night for the two different camera trap types. 
Trap 
type 
Total trap 
nights 
Average number 
of trap nights 
Percent of 
positive 
captures 
Average number of 
positive captures per trap 
night 
Active 220 15.7 17.7% 27.3 
Passive 359 21.1 71.3% 141.5 
 
Birds (Kruskal-Wallis; H = 10.34, P = 0.0013), hedgehogs (H = 11.78, P = 0.0006), 
lagomorphs (H = 12.70, P = 0.0004), and possums (H= 5.62, P = 0.017) were all 
significantly more likely to be captured by a passive camera trap than an active camera trap. 
1.4.1. Cats 
A total of 80 photographs of cats were taken at 15 camera trap locations. Sixty-six of the 
photos were known domestic house cats and 14 were feral cats. Of the 14 photos of feral 
cats, six feral cats were individually identified at eight camera trap locations covering an 
area of 123.9 ha. The capture frequency for feral cats ranged from 1 - 3 captures per 
individual. Of the 66 photos of domestic house cats, seven domestic house cats were 
identified at eight camera trap locations covering an area of 34.5 ha. The capture frequency 
for domestic cats ranged from 1 - 27 captures per individual (Figure 5.4). 
 
 
Figure 5.4. Camera trap photograph of a domestic house cat taken at camera trap site 7 on the 28th 
May 2008. 
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Population estimate 
The population estimate for feral cats calculated by the programme CAPTURE was 16 cats 
(± 5.25 S.E.) with a 95% confidence interval (CI) of 6 to 26 (results from Chapter 6; 
includes cage trapped cats). The population estimate for domestic house cats calculated by 
the programme CAPTURE was 8 cats (± 2.9 S.E.) with a 95% confidence interval (CI) of 3 
to 13. 
 
Distribution 
The trap locations for most of the feral cat captures occurred in the back of the park furthest 
from human settlement (Figure 5.5). There was no significant difference between the 
number of individual feral cats and each of the four sub-areas of the park (Kruskal-Wallis H 
= 3.88, P = 0.27). The greatest distance moved by a feral cat between two camera traps sites 
was 994 m. All of the domestic house cat captures occurred in the front of the park closest 
to human settlement (Figure 5.5). Domestic house cats were significantly more likely to be 
captured in the front left area of the park (H = 24.73, P = < 0.001). The greatest distance 
moved between two camera traps by a domestic house cat was 780 m. The largest distance 
moved by a domestic house cat into the park from its home was 1150 m.  
 
Habitat use 
No relationship was found between the number of individual cats captured and aspect, 
cover type, forest type and dominant tree types. Cats were captured in flat, moderate and 
steep aspects of the park. Cats were also captured in open, native and exotic cover types, 
including aesthetic, productive, regenerating and remnant forest types. However, cats were 
more likely to be captured in the front left hand side of the park (Kruskal-Wallis chi-
squared = 8.77, p = 0.032) than in any of the three other sub-areas. There was no difference 
between any of the habitat types and whether a cat was feral or domestic. 
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Figure  5.5. Map of Orton Bradley Park showing the park boundary, camera trap locations, 
presence/absence of feral and domestic cats at each camera trap site and the outer trap polygon area of 
the camera traps. 
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5.4.2. Possums 
The brushtail possum was the most photographed of all species. A total of 974 photos were 
taken and approximately 315 individuals (with some overlap across trap sites) were 
recognised across 203 trap nights (out of 579 nights). The average number of individuals 
captured over 203 trap nights was 1.18 (± 0.66 S.E.) and ranged from 2.21 to 0 individuals 
per trap site. The mean number of captures per individual was 3.29 (± 3.22 S.D.). The mean 
amount of time an individual possum was captured for was 5.61 minutes (±10.64 S.E.). 
Most possums spent less than 10 minutes at a camera trap site, the maximum time spent 
was 60 minutes (Figure 5.6). The time from when a possum first arrived at the camera trap 
site until the time it left was defined as an ‘event'.  
 
Figure 5.6. The frequency distribution of the total time spent (minutes) during an ‘event’ by individual 
possums at the camera trap site. 
 
Some possums were able to be recognised individually across multiple trap nights due to 
unique characteristics, while most could only be recognised individually on nightly bases 
by subtle variations in coat colour and markings (Figure 5.7). It is likely the number of 
individuals was over estimated if possums were visiting more than one trap site each night. 
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Figure 5.7 Two camera trap photographs of brushtail possums with unique identifying attributes. 
 
Distribution 
Possums were found in all areas of the park, there was no statistical difference in the 
estimated numbers of individuals between the four sub-areas of the park (Kruskal-Wallis H 
= 3.66, P = 0.30). Possums were found at all aspects (steepness gradient), there was no 
statistical difference in the estimated number of individuals and aspect (H = 1.27, P = 0.53). 
 
Habitat use 
Possums were common across a range of habitats, and were more likely to be captured at 
camera trap sites in areas with no cover or pasture sites (H = 8.38, P = 0.078). 
  
Table 5.2. The medians of estimated number of individual possums across five different forest types. 
Forest type Aesthetic Productive Regenerating Remnant Pasture 
Median 5.0 9.5 1.0 8.5 26.5 
n 5 8 8 8 2 
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5.4.3. Rodents and others 
Rodents, hedgehogs, lagomorphs and birds were unlikely to be captured by the active 
camera traps due to the height set from the ground, and thus comparisons cannot be made 
about their distribution due to bias in capture frequency between the two camera trap 
systems. Possums were the most photographed species; just over 44% of captures were 
possums (excluding the group “other”) (Table 5.3). Birds were the next most frequently 
captured group; 14 species of birds were captured. Blackbirds and Song thrush were the 
most commonly photographed birds, individual birds were often photographed multiple 
times during feeding bouts (Table 5.3). 
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Table 5.3. Total photograph counts of species from all 31 camera trap sites. Totals are given for each 
“group” and the percentage of photographs from each “group”. Estimated* number of individuals are 
given where possible. 
Species counts Total photo counts  % of total for each 
group 
Estimated number of 
individuals 
Marsupials 
 Brushtail Possum 
974 44.33% 315 
Rodents 
Norway Rat 
Ship Rat 
House Mouse 
Unknown Rat spp. 
137 
53 
70 
6 
8 
6.24% 54 
25 
20 
1 
8 
Insectivores  
European 
Hedgehog 
182 8.28% NA 
Lagomorphs 
European Rabbit 
Brown Hare 
287 
226 
61 
13.06%  
NA 
NA 
Carnivores 
Stoat/Weasel 
Ferret 
Feral Cat 
Domestic cat 
81 
1 
0 
14 
66 
3.69% 14 
1 
0 
6 
7 
Birds 
Blackbird 
Chaffinch 
Dunnock 
Fantail 
Greenfinch 
House Sparrow 
Little Owl 
Magpie 
Pukeko 
California Quail 
Redpoll 
Song Thrush 
Waxeye 
Yellowhammer 
536 
191 
22 
48 
1 
13 
7 
2 
10 
3 
75 
1 
147 
5 
11 
24.4%  
NA 
NA 
NA 
1 
NA 
NA 
1 
NA 
2 
NA 
1 
NA 
NA 
NA 
Total 2197   
Other – humans 
& stock animals 
1115   
*Individual animals which could be recognized or animals returning to the same camera trap on different 
nights which displayed similar behaviour. 
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Habitat use and distribution 
Hedgehogs were slightly more likely to be captured at camera trap sites in pasture 
compared with other forest types but this was not statistically significant (Kruskal-Wallis; 
H = 5.13, P = 0.27). Lagomorphs were significantly more likely to be captured in pasture or 
productive forest types (H = 10.19, P = 0.037). There was no relationship between forest 
type and capture frequency for rodents and birds. There was no relationship between aspect 
and capture frequency for rodents, hedgehogs, lagomorphs and birds. 
1.4.4. Photographs 
A selection of photographs collected from the camera traps. 
 
 
Figure 5.8. A stoat or weasel caught at camera trap site 2 on the 15th May 2008. 
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Figure 5.9. A hedgehog captured at camera trap site 23 on the 24th December 2008. 
 
 
Figure 5.10. European rabbit captured at camera trap site 26 on the 15th January 2009. 
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Figure 5.11. Two ship rats captured at camera trap site 17 on the 24th November 2008. 
 
 
Figure 5.12. A family of California quail captured at camera trap site 31 on the 8th February 2009. 
 
 
 
1.5. Discussion 
A major limitation of the camera traps was the length of time it took to obtain data from 
each of the four regions. The park was divided into four regions to ensure all ranges of feral 
cats were encompassed. Each area should have been sampled at similar times rather than 
sequentially, especially if sampling was to occur over a long period. This may have been 
possible with more camera traps and if the active camera traps had a similar successful 
capture rate as the passive camera traps. Karanth & Nichols (2002) state that one of the 
most important aspects of camera trapping is to capture as many different individuals and to 
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obtain as many photo recaptures as possible, so it is important to optimise trap placement in 
order to maximise the chance of a capture (Karanth and Nichols, 2002).  
 
The active camera traps also had several other limitations, including: possible attachment 
site, battery life, performance and accuracy of capturing the target species. Although, the 
results showed no significant difference in the number of individual cats captured, this may 
have been due to the difference in the locations of the camera traps, i.e. the active camera 
traps were set up close to a high density of domestic cats. Additionally, the active camera 
traps were used for about nine months compared with only four months for the passive 
camera traps. The passive camera traps were superior to the active camera traps in almost 
all aspects. The main advantage of the active camera traps was their low cost, the ability to 
sample cold-blooded animals, and capacity to be used in hot environments. 
 
Out of all of the groups, cats had the lowest rate of capture frequency (only 3.7% of all 
positive images), despite this, adequate data was collected for population and density 
estimates to be calculated for feral cats (see Chapter 6 for detailed analysis). Because the 
purpose of the camera trapping study was to calculate the feral cat population, other groups 
such as rodents and hedgehogs were expected to be unrepresented by the camera trap set-
up, such as, height from ground, type of bait used and distance between camera trap sites.  
Possums featured regularly at most camera trap sites; this is likely to be due to being a 
similar size to a cat, possible attraction to the bait and frequent travelling between trees.  
 
Feral cats were identified in three of the regions of the park. These included the back half of 
the park and right front quarter; these three areas of the park represent the area of the park 
furthest from human settlement and had the lowest volume of human traffic. It is likely that 
the presence of humans had an influence on the movements of feral cats. The presence of 
domestic cats may have also had an influence as domestic cats were regularly captured on 
camera traps in the area where feral cats were absent. 
 
Most possums had distinctive colour variations in their fur, which allowed them to be 
individually recognised on a given trap night. Some possums could be recognised from 
damage to their ears, e.g. notches and one possum had a distinctive white tip on its tail and 
could be recognised across multiple nights. The estimate of 315 individual possums from 
the photos possibly over estimates the actual number of individuals. Maximum movements 
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(245 – 295 m) and home range size (0.6-3.4 ha; (Cowan, 2005)) of possums suggest that 
there should be some overlap of possums across camera traps sites, however, there have 
been two distinct  types of ranging behaviour found for possums living on farmland with 
scattered patches of remnant forest. Some have small ranges centred on preferred habitats, 
while others can range up to 1600 m over open pasture with home ranges of up to 60 ha 
(Cowan, 2005). Accordingly, it is possible that some possums visited multiple camera trap 
sites while others visited only one site within their home range. Therefore, a density 
estimate cannot be calculated for the possum population at Orton Bradley Park; however, 
the data could be used for a baseline for capture rate (per trap night) to measure changes in 
the rate after/during poisoning operations. Possums were found frequently distributed 
throughout all four regions of the park. The results suggest that the habitats to be targeted 
for the most effective control would be on the border of forest/ bush fragments where 
possums regularly travel from to reach pasture (Cowan, 2005). 
 
The large number of prey species (possums, rodents, lagomorphs and birds) captured is of 
concern for three reasons. First, other pest species (such as possums) compete with kereru 
for food sources, which may be limiting the population in the park (Mander et al., 1998). 
Second, prey species such as mice, rats and rabbits are unlikely to be abundant during the 
cold winter months and thus feral cats may switch to prey that are more abundant during 
these months, which will likely be birds, including kereru (Fitzgerald, 1988). Third, any 
removal of feral cats would consequently cause an increase in both prey numbers and other 
bird predators such as rodents and mustelids, a process called ‘mesopredator’ release 
(Crooks and Soule, 1999). To avoid this occurring, a multiple species approach to pest 
management will be required when removing feral cats (King, 1984; Prendergast, 2006).  
 
A cat’s diet is often influenced by seasonal variations in prey numbers and vulnerability of 
prey (Turner and Meister, 2000). An increase in the diet of a particular species will occur as 
it becomes more available. One view of the effect of cat predation on prey populations is 
that prey that are taken are part of a surplus, and have little overall impact on the 
population. However, there are increasing numbers of studies suggesting that predators play 
an important role in regulating the population density of their prey (Turner and Meister, 
2000).  The results from the camera traps suggest that, prey numbers, including particularly 
defenceless species such as the California quail (flightless), are not strongly affected by the 
current levels of cat predation, but also suggest that sufficient abundances of prey are 
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available to support a slightly higher level of density in the feral cat population than would 
be expected for feral cats living in areas of natural, farmland and partially urban regions in 
New Zealand (Gillies and Fitzgerald, 2005).  
 
The use of camera traps to estimate the feral cat population was successful despite some 
limitations in the methods as discussed above (to see density calculations go to Chapter 6). 
The results from the camera traps also gave vital information of the distribution of feral cats 
in Orton Bradley Park, which will important for planning future control operations. 
Domestic house cats are also of concern; their use of the park is a concern for kereru and 
other native birds, also when establishing a control plan for feral cats, the safety of the 
domestic cats will need to be ensured both by cat owners and managers. The cooperation 
and help from the community is vital for restoration plans to succeed.  
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Chapter 6: Feral Cat Density Estimate 
 
1.1. Introduction 
1.1.1. Population density 
The population density of domestic cats (Felis catus) has large variation, ranging from one 
cat per km2 to more than 2000 cats per km2 (Liberg et al., 2000). A negative correlation 
exists between cat density and home-range size. The hypothesis surrounding this variation 
is that density is determined by food abundance (Liberg et al., 2000). Densities of above 
100 cats per km2 are found in urban areas where cats feed on rich supplies of refuse or are 
fed daily by large numbers of ‘cat lovers’. Intermediate densities were found in farm-cat 
populations where the cats were supplied with most of their food by owners and in feral 
populations feeding on rich, clumped natural prey, such as colonies of seabirds. Densities 
below five cats per km2 are found in rural feral populations feeding on widely dispersed 
prey such as rabbits (Oryctoloagus cuniculus) and rodents (Rattus spp.) (Liberg et al., 
2000). 
 
Male and female home-range sizes share a similar distribution when plotted against density, 
however, a male cat’s range is on average three times larger than a female. Food 
distribution and abundance is much less important in determining male range size, instead 
competition for access to females is the primary determining factor. Subordinate males or 
castrated males usually have similar-sized ranges to female cats (Liberg et al., 2000). Feral 
and domestic house cats are flexible in their ability to live on their own or in groups, which 
seems to be determined by food distribution. Range overlap of individuals usually occurs 
for group-living individuals (mainly females), where a stable and rich clump of food exists. 
Overlap between different groups or between non-group living individuals seldom occurs. 
Male ranges overlap more frequently during the breeding season, the range size and extent 
of the overlap is determined by the distribution of females (Liberg et al., 2000). 
1.1.2. Density estimate methods 
Feral cats are elusive and difficult to study. They are shy, can occur at low densities, often 
live in remote or inaccessible areas and this makes estimates of population size particularly 
difficult (Liberg et al., 2000). Feral cats are difficult to capture live and can be extremely 
difficult to recapture. A common index used for estimating population size is usually 
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conducted during control operations (e.g. kill rate). These estimates are usually expensive 
to obtain and may be unnecessary for many decisions in the management of feral cats 
(Forsyth et al., 2005). In addition, the information does not provide any initial abundance in 
order to measure the success of a control operation. 
 
The use of camera traps combined with the capture-recapture method has proved to be an 
effective tool for estimating big cat populations, such as tigers, jaguar and ocelot (Karanth 
and Nichols, 2002; Soisalo and Cavalcanti, 2006; Trolle and Kéry, 2003) and has been 
recommended for use with other individually-identifiable animals. The distinctive markings 
and fur patterns of cats gives them the ability to individually identifiable. Feral cats are 
known to be shy, elusive and difficult to recapture in live trapping studies. The use of 
camera traps is a way of obtaining data from these types of animals and also provides a 
non-invasive capture method that may be used with rare and sensitive species. Combined 
with the improving technology of camera traps, they are less labour intensive than other 
counting methods and thus ultimately have less cost associated. Camera trap data can also 
be used in conjunction with radio or GPS-telemetry data to provide accurate density 
estimations (Soisalo and Cavalcanti, 2006). 
 
Estimating feral cat density provides vital information for future control operations and 
provides baseline data to establish whether management programmes have been effective 
(Forsyth et al., 2005). Areas or ‘hotspots’ to target for control can also be established when 
used in combination with the GPS telemetry data and the camera trap sites. Feral cats are 
damaging predators in areas such as Orton Bradley Park where kereru (Hemiphaga 
novaeseelandiae) and other native birds have re-established (Prendergast, 2006). These 
small isolated groups of native birds are sensitive to additive sources of mortality, such as 
cat predation. Predator control is usually the first management action taken to protect native 
species and is usually effective at stabilising and/or recovery of a declining population. 
Habitat use of the threatened species is usually taken into account when establishing 
management plans; however, these control measures usually occur without the 
consideration of the predator’s ecology (Mosnier et al., 2008). 
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6.2. Methods 
1.2.1. Study area 
Camera traps were placed within the 640 ha park boundary of Orton Bradley Park (for a 
detailed description see Chapter 5). The study period began at the start of February 2008 
and ended at the end of February 2009. 
1.2.2. Camera trap study 
Camera traps consisting of digital compact cameras that are set up to be triggered of by one 
of two infrared systems (see Chapter 5 for full description). Photos of feral cats were 
examined to determine characteristics that could serve to distinguish individuals: markings 
on legs and face, tail shape, hair patterns on the flanks, scars, etc. Domestic cats were 
identified from a photo library of all cats known to be living in the area. 
1.2.3. Live trapping of feral cats 
Live trapping of feral cats was approved by the Lincoln University Animal Ethics 
Committee (Appendix 1). See Chapter 4 for full trapping procedure. 
1.2.4. GPS telemetry 
Four cats were live captured during the camera trap study. Two of these cats were fitted 
with Global Positioning System (GPS) telemetry collars (Sirtrack User Manual, 2007) with 
time-release devices. The collars were retrieved using VHF radio telemetry. The collars 
collected 24 locations per day, storing them on a non-volatile memory. Home ranges were 
calculated using 95% MCP estimators using the programme RANGES 8 (Kenward et al., 
2008) (see Chapter 4 for full description). 
1.2.5. Analysis 
Capture-recapture analyses (MARK 5.1) were used to estimate the population size feral 
cats. The temporal pattern of sighting/non-sighting of individual cats contains information 
on the population size. The main presumption about population size is the animal’s 
detection probability, i.e. the probability that a cat that is present in the study area is 
photographed during one capture occasion (White and Burnham, 1999).  
1.2.6. Tests for population closure and model selection 
For the first modelling attempt a closed population was assumed (no numerical changes in 
the population during the study period) and the programme CAPTURE (Otis et al., 1978) 
was used to estimate the population size. Although the closure assumption may be 
reasonable, an open population with immigration and emigration from the study site would 
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seem more likely for the study period of 12 months. Accordingly, the POPAN model in 
MARK (White and Burnham, 1999) was also used to estimate population size for the open 
population. The closure assumption was tested using the program CloseTest (Stanley and 
Burnham, 1999). The closure test computed by the program – the Stanley & Burnham test 
is a closure test for time-specific data, which tests the null hypothesis of closed-population 
model Mt against the open-population Jolly-Seber model as a specific alternative (Stanley 
and Burnham, 1999).  
6.2.7. Closed-population model 
Program CAPTURE provides estimators for seven models that make different assumptions 
about sources of variation for the detection probability: M0, Mb, Mt, Mh, Mth, Mbh, Mtb 
and Mtbh. The first model, M0, assumes a constant capture probability across all occasions 
and animals. The model, Mt (time) assumes that capture probability varies between 
occasions. The model Mb (behaviour) allows for a trap response for an animal (i.e. the 
trappability of all animals changes after the 1st capture). The model Mh (heterogeneity) 
assumes that each animal had its own probability of capture. The final three models are 
pairwise combinations of these sources of variation in capture probability (models Mth, 
Mbh, Mtb, Mtbh). Goodness-of-fit tests, between model tests, and the model selection 
algorithm on CAPTURE were used to identify the best ‘fitting’ model for estimation. The 
estimates of capture probability, population size, and the standard error of population size 
are calculated in CAPTURE based on the best fitting model. Upper confidence intervals 
were calculated manually to give more realistic abundance measures (White and Burnham, 
1999) 
6.2.8. Open-population model 
MARK incorporates a large selection of classical and modern open and closed population 
models and each of these models provides different estimates (e.g. abundance, survival, and 
recruitment) (White and Burnham, 1999). The Jolly-Seber (JS) model (Jolly, 1965; Seber, 
1965) was selected as it is primarily interested in estimating abundance. The POPAN 
formulation (Schwarz and Arnason, 1996) was then selected for its ability to directly 
estimate abundance and because MARK can have difficulty obtaining numerical solutions 
for the parameters in the Burnham-JS model. Three specific models were run: 1. A fully 
time dependant model; 2. Constant capture probability; 3. Constant capture probability with 
constant survival rates. The best model was selected using the AICc criterion (White and 
Burnham, 1999). 
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6.2.9. Density estimate 
To estimate population density (D), the abundance estimate (N) was divided by the core 
sample area (A). The core area was defined by the minimum convex polygon of the 
outermost camera trap sites. To account for cats with home ranges that extend beyond the 
core area, a buffer strip (W) added to avoid overestimating the population. 
D = N/A 
To estimate the buffer strip width (W) three methods were used. The full maximum 
distance moved (MMDM) (Karanth & Nicols, 1998) was calculated by taking the mean 
distance moved by cats that were captured at two or more locations and adding this to the 
area of the outer trap polygon. Half maximum distance moved (½MMDM) (Karanth & 
Nicols, 1998) was also calculated.  
 
D = N/ (A + W) 
 
Home range data from GPS or radio-telemetry can be used reduce the chance of 
overestimating the density of cats at the site (Soisalo and Cavalcanti, 2006). However, 
home range data was only obtained from one feral cat in this study and does not provide a 
representative sample. Accordingly, home-range data was subsequently obtained from a 
summary of home ranges of feral cats in New Zealand in Gillies & Fitzgerald (2005).  
 
This was calculated by A = πr2 where A is the area of the mean home range calculated from 
the 95% minimum convex polygons, and r is the buffer width (Soisalo and Cavalcanti, 
2006). 
 
D = N/ (A + r) 
 
 
1.3. Results 
During the study period, 31 (out of 34) camera trapping sites were successful at retrieving 
photographic images. The outer polygon for the successful camera trap sites was 432 ha 
(Figure 6.1). The total camera trap effort was about 579 trap nights, with an average of 
18.67 (± 0.96 S.E.M.) nights for each camera trap site. 
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Figure 6.1. Map of Orton Bradley Park showing the park boundary, camera trap locations, 
presence/absence of feral and domestic cats at each camera trap site and the outer trap polygon area. 
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A total of 80 photographs of cats were taken at 15 camera trap locations (Figure 6.1). Sixty 
six of the photos were domestic house cats and 14 were feral cats. Of the 14 photos of feral 
cats, six feral cats were individually identified at eight different camera trap locations 
(Figure 6.1). The capture frequency for feral cats ranged from 1-3 captures per individual. 
During the live trapping of feral cats, four feral cats were captured; three of these cats were 
new individuals (never camera trapped). Accordingly, a total of nine feral cats were 
individually identified (Figure 6.2). However, one of the live-trapped cats was euthanised 
due to a massive infection in its face and has been excluded from the analysis.   
 
 
Figure 6.2. Camera trap photograph of a feral cat taken at camera trap site 19 on 8th December 2008. 
 
1.3.1. Tests for population closure and model selection 
The closure models tested was consistent with the assumption that the feral cat population 
was closed for the duration of the study. (Stanley and Burnham Closure test: χ2 = 4.306, d.f. 
= 4, P = 0.366). Because the study period may have been beyond the time frame considered 
sufficient to assume population closure (Karanth and Nichols, 1998; Karanth and Nichols, 
2002) and the closure test has low power with small sample sizes, the open population 
model results will be presented as well. 
1.3.2. Closed-population model 
The goodness of fit test using CAPTURE revealed that the heterogeneous model (Mh) was 
the best fit. The jackknife estimator (Mh) is known to be robust to violation of underlying 
model assumptions (Karanth and Nichols, 1998). The estimated capture probability per 
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occasion and individual was 0.053. The resulting population size was 16 feral cats (± 5.25 
S.E.M.) with a 95% confidence interval (CI) of 11 to 26 individuals (Table 6.1).   
1.3.3. Open-population model 
The “constant capture probability” model (M0) using MARK was selected as it had the 
lowest AICc value of the three models. The original sampling experiment has 
approximately equal effort at all sampling occasions thus the model with constant 
catchability over time fits the data well. The estimated capture probability per occasion and 
individual was 0.294. The resulting population size was 20.70 feral cats (± 12.45 S.E.M) 
with a 95% confidence interval (CI) of 11 to 45 individuals (Table 6.1).  
 
Table 6.1. Capture probabilities (p), estimated abundance (N), standard error (SEM) and confidence 
intervals (CI) for closed and open populations based on capture-recapture analysis of camera trapping 
data. 
Population type p N SE CI 
 
Closed population 
 
0.053 
 
16 
 
5.25 
 
11 - 26 
 
Open population 
 
0.294 
 
21 
 
12.45 
 
11 - 45 
 
1.3.4. Density estimates 
The polygon area encompassed by the outer camera traps was 366 ha (3.66 km2). To this 
area a buffer width was added using the three different methods (Figure 6.3). The resulting 
effectively sampled areas and densities are summarised in Table 6.2.  
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Figure 6.3. A map of Orton Bradley Park (light green) showing the camera trap locations, the outer 
trap polygon, and the three buffer strips added on to the outer trap polygon. 
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For cats with at least two captures; the mean straight line distance for these three cats was 
952 m (full MMDM). For cats with at least three captures; the mean MCP home range size 
from the camera-trap data for these two cats was 8.4 ha. Home-range sizes obtained from 
the camera-trapping data reflected only a small fraction (2.22%) of the area used by GPS 
collared cat. The 95% MCP for the only feral cat successfully collared was 384.3 ha (3.84 
km2). The home range size calculated from MCP data from previous studies on feral cat 
home range taken from Gillies & Fitzgerald (2005) was 369 ha (3.69 km2). 
 
Table 6.2. Density estimates and standard errors calculated from three different procedures of 
calculating the effective sample area; full mean maximum distance moved (MMDM), half of the mean 
maximum distance moved (½ MMDM), and home range from MCP data from previous studies. 
 MMDM ½ MMDM Home range 
Core area 
 
366 ha 366 m 366 ha 
Buffer strip 952 m 476 m 1084 m 
 
Effective sample area 
 
1338 ha 815 ha 1508 ha 
Density estimate: 
 
Closed population 
 
 
 
Open population 
 
 
1.2 (0.39 S.E.) 
cats per km
2
 
 
 
1.6 (0.93 S.E.) 
cats per km
2
 
 
 
1.96 (0.64 S.E.) 
cats per km
2
 
 
 
2.6 (1.5 S.E.) 
cats per km
2
 
 
 
1.06 (0.35 S.E.) 
cats per km
2
 
 
 
1.4 (0.83 S.E.) 
cats per km
2
 
 
 
 
1.4. Discussion 
Due to constraints caused by the camera trapping equipment (see Chapter 5), a study period 
of 12 months was necessary to collect adequate data to represent all four study areas as 
equally as possible. The length of the study period is likely to conflict with the closure 
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assumption, even though the closure test appeared not to violate this assumption. Feral cats 
are known to be short lived in comparison to their domestic counterparts due to disease, 
infection and starvation (Gillies and Fitzgerald, 2005). It is also possible that during the 
study period there was immigration and emigration from the study site. Evidence for this 
occurrence in Chapter 4, was that one of the radio-tracked feral cats completely left the bay 
area during the study. 
 
Other similar camera trap studies (Balme et al., 2009; Soisalo and Cavalcanti, 2006) have 
indicated that the method used to calculate buffer width, and hence the effectively sampled 
area, had the greatest influence on accuracy of density estimates. The primary objective 
when estimating size of the boundary strip is to determine how far individuals move outside 
the sampled area during the survey period (Otis et al., 1978). In the past, the most common 
method to calculate the buffer width was to half the MMDM to give an estimation of the 
average radius of a mean home range. The half MMDM method has been criticized for 
underestimating the sample area and overestimating density (Soisalo and Cavalcanti, 2006). 
The half MMDM method gives a much higher density estimate than the other two methods. 
The boundary strip calculated using the full mean maximum distance (MMDM) moved by 
individuals between camera trap locations was very similar to the boundary strip calculated 
using home range data, and therefore seems a more effective method to calculate the buffer 
width in the absence of home range data from GPS or radio telemetry. 
 
The density estimates of 1.2 cats/km2 and 1.6 cats/ km2 (1 km2 = 100 ha) for the closed and 
open populations respectively, are similar to other density estimates of feral cats living in 
areas of natural, farmland and partially urban regions in New Zealand (Gillies and 
Fitzgerald, 2005). Worldwide, they are also similar to density estimates for feral cats with a 
food source of sparse natural prey (Table 6.3). However, the variation in density of feral 
cats worldwide is about 1000 fold. This variation is often attributed to food source; 
densities greater than 100 cats/km2 exist on rich clumps of food such as garbage, and 
densities of less than 5 cats/km2 exist on scarce, dispersed prey (Liberg et al., 2000). 
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Table 6.3.  Density and home range (MCP method) characteristics of feral cats. The table shows the 
1000 fold variation in both density and home range between feral cats subsisting on various food 
sources. Data taken from Liberg et al. (2000). 
Location Density (no./km
2
) 
Home range size (ha) 
Male                       Female 
Jerusalem, Israel >2000 0.75 0.27 
Japan >2000 0.72 0.51 
Portsmouth, UK 300 8.40 0.84 
New York, USA 300-500 2.62 1.77 
Avonmouth, UK 12.5 15 10.3 
Hastings, NZ 3.5 86 57 
Galapagos 2-3 304 82 
Victoria, Australia 1-2 620 170 
Orongorongo, NZ 1.1 140 80 
This study 1.2 – 1.6 - 384 
 
It is likely that there were sufficient but highly distributed food sources available, such as 
the rabbits, hares, and rodents that were also captured by the camera traps. Food 
distribution and abundance is the most important factor in determining cat density for 
females and for males during the non-breeding season (Liberg et al., 2000). Food 
availability decreases during the colder months (May – August) which can lead to death, 
emigration and increases in range size. The presence of only one feral cat during June, July 
and August is likely because of a decrease in food supply available at Orton Bradley Park. 
It is also likely that during the breeding season (September - March) a greater number of 
male cats were visiting the park searching for females, which may account for the increase 
in cats seen over this period (Liberg et al., 2000). Male home ranges increase in size and 
overlap more frequently with other males and females during the breeding season (Liberg et 
al., 2000).  
 
Of the four cats that were live trapped only two of these were able to be used for the GPS 
telemetry study, one of the cats was a young female with a 95% MCP home range of 384.3 
ha (Table 6.3). The other cat was a mature intact male whose collar was never retrieved; 
this was either due to an equipment failure or the cat emigrating from the surrounding area 
which meant the VHF signal was lost. The home range size of the female cat in this study is 
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comparable to other studies in New Zealand, although it may be considered to be at the 
higher end of the scale (Gillies and Fitzgerald, 2005). Never-the-less the estimate was 
similar to that of previous studies in New Zealand (369 ha). The home range size is also 
consistent with the relatively low density of cats, where range size is negatively correlated 
with density (Liberg et al., 2000). Because home range data was only collected from one 
individual in the sample area, it remains uncertain that the home range size of this 
individual is representative of all cats in the sample. Therefore, data from other studies on 
feral cat home range were used to estimate the average home range of a feral cat in New 
Zealand.  
 
Camera trapping as a method to estimate density is a relatively new technique and has been 
effectively applied to estimate tiger (Karanth and Nichols, 1998; Karanth and Nichols, 
2000), Ocelot (Trolle and Kéry, 2003) and jaguar (Soisalo and Cavalcanti, 2006) 
populations. However, debate remains over the best method for calculating the area used 
for the density estimation (Soisalo and Cavalcanti, 2006). Encouragingly, the density 
estimates calculated using both the full MMDM and the home range data were similar, and 
consistent with the new literature (Soisalo and Cavalcanti, 2006). Most feral cat density 
estimates are previously calculated by sighting (spotlight transects) or live and kill trapping. 
Often there is large variation in accuracy between these studies (Liberg et al., 2000). 
Camera trapping in combination with capture-recapture analysis will hopefully be able to 
provide managers with more accurate density estimates of feral cats. Understanding feral 
cat densities is important for the conservation of native species. It is generally accepted that 
impacts of feral cats increase with increasing cat density (Dickman, 1996). In addition, 
managers can use density estimates to determine the appropriate level of control and the 
level of effort needed if eradicating the predator (Mosnier et al., 2008).   
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Chapter 7: General discussion 
 
1.1. Impacts of the domestic house cats 
Given that New Zealand has one of the highest rates of cat ownership in the world; 
Charteris Bay had a much lower ownership rate than the national average. The total 
population of domestic cats was estimated at 49, with only 29% of households owning a 
cat. The domestic cat population in this area was also an aging one. Compared to an urban 
area in Christchurch city the mean age of Charteris Bay cats was higher, with very few cats 
under the age of one. This is significant, and perhaps reflects the changing view that 
domestic cats are having a detrimental impact on our native fauna. From discussions with 
Charteris Bay residents, both cat owners, non cat owners and ex cat owners, it became clear 
that because Charteris Bay residents are surrounded by natural vegetation and enjoy the 
sights of Kereru and other native birds on a daily basis, combined with increasing 
knowledge of the issue of cat predation native wildlife; many residents are choosing not to 
own cats or to replace them when they die.    
 
Home range sizes of Charteris Bay cats are similar to those of cats in other areas of New 
Zealand, and were slightly larger than those in urban Christchurch, as would be expected 
from the higher densities of both humans and cats in Christchurch. Cat movements, 
however, differed from expected; those cats living closer to Orton Bradley Park did not 
have larger home ranges and did not travel further into the park. Similarly, the distance of 
the cat’s home to Orton Bradley had no effect on the number of prey items retrieved. Orton 
Bradley Park is not a significant motivating factor for roaming and hunting behaviour, the 
primary reason for this would be the abundance of alternative foraging, socialising, sunning 
and resting sites found near to most cats home sites.  
 
No predation on Kereru or any other threatened bird species by domestic cats was detected 
in this study and rates of predation on birds were very low relative to mammalian pests. 
While all cats will always pose some risk to Kereru, it is likely that their removal from the 
system, in the absence of the control of other mammalian pest species may in fact cause 
greater problems (Courchamp et al., 1999; Crooks and Soule, 1999; King, 1984). The cats 
in this study were hunting mainly mammalian pest species; rodents and lagomorphs made 
up 86% of total prey retrieved. This rate is much higher than found for other studies in New 
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Zealand (Gillies and Clout, 2003; Morgan et al., 2009). Cats in Charteris Bay may be 
helping to limit numbers of potentially damaging pests and predators. Only some cats 
hunted birds and very few hunted lizards and insects. While this is seems like a positive 
outcome, the relative abundances of prey types available may in fact be a significant driver 
of the proportions of prey type retrieved. If the numbers of mammalian prey were to 
decrease there would likely be an increase in the number of alternative prey retrieved, 
which is concerning for threatened native species. 
 
Most cats in this study followed the typical pattern of low rates of prey retrieval (Baker et 
al., 2005; Baker et al., 2008; Barratt, 1997b, 1998; Gillies and Clout, 2003; Morgan, 2002; 
Woods et al., 2003), with a few rogue individuals with high rates of prey retrieval. Three 
cats in this category (16% of cats) retrieved between 80-160 prey items per year. Rogue 
individuals are of concern, two of these cats were specialists and returned only one or two 
types of prey, and the other was a generalist and brought home all types of prey, including 
the highest proportion of birds and lizards of all the cats in the study. The experience of 
killing and eating a particular type of prey can have an effect on prey preference and 
hunting stills (Bradshaw, 1992). In less disturbed environments, such as in Charteris Bay, 
this type of preferential predation has the potential to impact on local abundance of prey 
species (Barratt, 1997b). 
 
Domestic house cats living in Charteris Bay are probably typical of New Zealand cats; they 
are opportunistic generalist predators, and cats in this study were likely to kill a prey item 
in relation to its abundance and thus chance of encounter. This is a problem for New 
Zealand native bird species in that they often lack the appropriate antipredator behaviour 
toward mammalian predators (Stone et al., 1994).  To add to the dilemma, none of the 
obvious management practices for reducing predation activity seem to be effective, 
including the use of bells, night time curfews, feeding highly palatable foods, and ultrasonic 
deterrents (Adamec, 1976; Barratt, 1998; Nelson et al., 2005; Woods et al., 2003). Today, 
domestic cats in Charteris Bay do not appear to predate on any sensitive or threatened 
native species and the control of cats may be counterproductive if other mammalian pests 
were not also controlled. Hopefully in the future, Charteris Bay, may become a wildlife 
sanctuary, and more extreme measures such as the banning of ownership of cats may be 
necessary. The control and management of domestic house cats in New Zealand is a 
relatively new and controversial idea (Morgan, 2002). However, the people that have the 
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privilege to live near to sensitive areas such as Charteris Bay appear to be more empathetic, 
better educated and value their surroundings. I believe this type of community would be an 
ideal candidate for cat-free zoning in the future. 
1.2. Impacts of Feral cats  
There is little doubt that feral cats do kill adult Kereru and their chicks, evidence from 
previous research showed that the impacts of these predation events are detrimental and 
widespread throughout the Kereru population (Prendergast, 2006). Studies have shown that 
the removal of feral cats from an area leads to a population increase of Kereru, although 
cats were not the only predator or competitor removed in these trials (Grant et al., 1997; 
Innes et al., 2004; Powlesland et al., 2003). 
 
Density estimates of feral cats living in Orton Bradley Park tend to fit with the model that 
cats living on scarce, dispersed prey are found at low densities (Liberg et al., 2000). Careful 
planning of control operations now needs to begin; to start, to determine an optimum time 
of year to target control, winter control operations would likely to be the most efficient as 
there is less prey available and cats maybe hungrier, however, there appeared to be an 
increase of cats within the park during the spring/summer months, coinciding with the 
breeding season. Male home ranges increase in size and overlap more frequently with other 
males and females during the breeding season (Liberg et al., 2000). Balancing between 
capture rates and targeting the most individuals will need to be decided, as well as 
considering costs and labour involved.  
 
Density estimates from Chapter 6 gave information necessary to determine the intensity of 
control operations of feral cats, however, it may be ineffective to focus control in one area 
such as Orton Bradley Park unless immigration into the site could be controlled, for 
example by predator proof fencing. However, the removal of feral cats will not be the final 
solution, in fact evidence suggests that feral cat presence can somewhat depress other 
predator numbers such as stoats and specifically cause a decrease in other pest number such 
as rodents (King, 1984). This would be detrimental to Kereru populations, a study that 
measured rates of predation on artificial kereru nests, and found rats were a significant 
predator of nests, followed by possums, mice and stoats (Prendergast, 2006). Nesting 
success has been found to triple after predator control (Powlesland et al., 2003). Control of 
feral cats after intensive trapping and poisoning of other pests, including possums, rodents 
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and mustelids, makes the most sense, as cats would be reduced in numbers through 
secondary poisoning and hungrier due to lower prey abundance. 
 
1.3. Limitations of study design 
 
This research was brought about by the need for further research into the impacts of cat 
predation on Kereru. The problem with directly measuring impacts is that a highly 
controlled experiment on the direct effects of cat control has large costs and logistical 
constraints. We can, from the results of this research make some inferences into the possible 
impacts that cats may be having and from there make recommendations for further research 
and management plans. However, debate under these circumstances still remains whether 
cats are having detrimental impacts or could be providing some of net benefit through pest 
and nuisance species reduction. 
 
This research was modelled on the need for more basic ecological information about 
domestic and feral cats living on Banks Peninsula. One of the limitations of the study 
design was that it was modelled on previous research completed recently in nearby 
Christchurch, the problem was that response rate and motivation in the Charteris Bay 
region was not as high as in the Christchurch group. This meant that cat owners were far 
less willing to have their cat’s radio-tracked and were less motivated to complete prey 
recording surveys. I believe cat owners motivation to be included in this study had been 
affected by the fear of what the outcomes of the research may say about their pets and also 
the possible social consequences of these outcomes. 
 
Technology continues to improve and new methods are presented to researchers to help 
improve either data collection methods or how data is analysed. This is positive in that 
research is becoming less costly and less labour intensive. However, new methods and 
technology means that they need to be tested and methods proved before successful results 
can be obtained. Two areas of this research suffered for this, one during the camera trapping 
study (Chapters 5 & 6) and during the home range study (Chapters 4 & 6).  
 
1.4. Kaupapa Kereru 
The aim of the Kaupapa Kereru Programme is to increase kereru populations on Banks 
Peninsula. This study was chosen by the Kaupapa Kereru group as a lead on from previous 
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research where questions regarding cat predation were unanswered. Kaupapa Kereru now 
has the necessary information as the a result of this research and previous work to begin 
developing management plans to increase Kereru numbers on Banks Peninsula, which will 
be specifically focused on pest control. Approximate abundances of pest species will 
provide the framework for building a pest control strategy for Orton Bradley Park, and 
baseline numbers of pests, specifically feral cats, will allow managers to measure success or 
to measure complete eradication. Previous research suggests that control of predators and 
habitat enhancement at key sites may benefit wider areas (Prendergast, 2006). Orton 
Bradley Park provides the ideal site for testing these ideas, with a good base of knowledge 
of both kereru and cat ecology, baseline information on feral cat density and Kereru 
breeding success (Prendergast, 2006), will allow success to be measured. These objectives 
and others developed will be achieved through the commitment of Kaupapa Kereru, by 
involving the local community and obtaining their support. Research and publications on 
Kereru have captured the interest of many groups living on Banks Peninsula and will 
continue to do so into the future. 
 
1.5. Recommendations 
 
The broad purpose of this research was to build on the knowledge that exists on the 
ecological impacts of cats. From this knowledge we can now better understand the impacts 
cats have on native species and determine whether domestic house cats have any 
responsibility for the decline of local populations. The on-going outcome of this research 
will be the development of new management practices and creation of specific action plans 
to protect native species. Some suggestions are; a focus on predator control during peak 
fruiting periods, researching options for removing feral cat populations while keeping pets 
safe, e.g. Scentinel (King et al., 2007), banding trees where sensitive species are known to 
breed, investigating ultrasonic deterrent devices, e.g.CATWatch (Nelson et al., 2006), 
creating and testing new and innovative deterrent devices, educating cat owners on 
responsible cat ownership and educating and informing the local community on cat and 
native bird co-existence, such as encouraging owners to restrict their cats’ movements, 
especially during the day when birds such as Kereru are feeding on low lying bushes.  
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Appendix 1: Human and animal ethics approval letters 
 
 
 
HUMAN ETHICS COMMITTEE 
 
Application No: 2007-45 1 November 2007 
 
Title:   Movements and Predation Activity of Feral and Domestic Cats on 
Banks Peninsula 
  
Applicants: Cara Hansen 
 
The Lincoln University Human Ethics Committee has reviewed the above noted application.  
 
Dear Cara 
 
Thank you for your detailed response to the questions which were forwarded to you on the 
Committee’s behalf. 
 
Having read your responses, I am satisfied on the Committee’s behalf that the issues of 
concern have been satisfactorily addressed. 
 
I am pleased to give final approval to your project and may I, on behalf of the Committee, 
wish you success in your research. 
 
Yours sincerely 
 
 
Professor Sheelagh Matear 
Acting Chair, Human Ethics Committee 
 
 
PLEASE NOTE:  The Human Ethics Committee has an audit process in place for applications.  
Please see 7.3 of the Human Ethics Committee Operating Procedures (ACHE) in the Lincoln 
University Policies and Procedures Manual for more information. 
 
cc:  Dr Adrian Paterson (AGLS) 
      Dr Shaun Ogilvie (AGLS) 
           
Research & Innovation Office 
P O Box 94 
Lincoln University 
Canterbury 8150 
NEW ZEALAND 
Telephone 64 03 325 2811 
Fax 64 03 325 3630 
105 
 
 
 
 
 
 
106 
 
Appendix 2: Face to face or return by mail questionnaires given to cat owners 
 
 
Charteris Bay Cat Survey 
 
 Breed:                                                 Coat colour:                                                . 
 
Sex: Male   Female 
 
Neutered: Yes   No    Age when neutered:           . 
 
Age:       months, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 years 
 
Size: Small/Slim            Average            Large/Heavy        Other 
 
No. of times fed a day: 0  1  2  3  4  5   other               . 
 
Type of food fed: Canned      Dry food       Table scraps     Fresh meat 
 
How often does your cat usually bring home prey? 
Daily      Weekly      Fortnightly      Monthly    Less than once a year 
More than once a year   Never 
 
No. of nights per week your cat usually spends outside? Never 1  2  3  4  5  6  7 
 
Do you restrict your cat from going outdoors? No Yes-> Day  Night  Both 
 
Does your cat wear a bell? Yes  No 
 
Does your cat wear a collar? Yes  No 
 
No. of cats on neighbouring properties (all sides): 
 
Have you ever seen your cat at Orton Bradley Park? Yes No  If so, how often? 
 
How far from your property have you seen your cat?  At neighbours   
 Across the road    Less than 10 houses away   More than 10 house away 
 Less than 1km   More than 1km away 
 
 
Return of survey forms: 
Please place your survey form in the envelope provided to be collected by myself or post to: 
Cara Hansen 
Bio-Protection and Ecology Division 
Lincoln University 
PO Box 84 
Canterbury 
 
If you have any questions or concerns please contact Cara Hansen at Bio-Protection and Ecology 
Division, Lincoln University, Ph 021 2563365 or email hansenc3@lincoln.ac.nz 
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Appendix 2: Prey recording forms given to cat owners to fill out 
 
 
Prey Recording Survey   Cat Name:    
Prey 
Item 
Date 
Time 
found 
Type/name 
Adult or 
juvenille  
Dead or 
alive 
Intact or 
eaten/partially 
eaten 
Collected or 
photographed         
 
Other comments 
 
1                 
 
2                 
 
3                 
 
4                 
 
5                  
6                  
7                 
 
8                  
9                  
10                  
11                  
12                 
 
13                 
 
14                  
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Appendix 3: Animal Facility Quality Manual SOP 5.7 for Isoflurane Anaesthesia 
 
Isoflurane anaesthesia is ideal for manipulations taking several minutes to complete. 
Isoflurane is a non-flammable, non-explosive, inhalation anaesthetic solution. Induction and 
recovery from anaesthesia is typically smooth and uneventful and the level of anaesthesia 
may be changed rapidly and predictably during maintenance. 
 
Isoflurane is the anaesthetic of choice now (2005) at the Animal Facility. Isoflurane is a much 
safer anaesthetic for technicians to work with than Halothane. 
 
Safety 
• Bottles of Isoflurane must be stored in the safe. The Controlled Drugs Register must 
be filled out and signed to cover all use of isoflurane plus the surgery log book. 
• Avoid inhalation and use under well ventilated conditions (ideally in the fume hood). 
• If swallowed – seek medical advice immediately. 
• In case of eye contact – immediately flush eye with large amounts of tepid water. 
• In case of skin contact – remove contaminated clothing and flush with water for 15 
minutes. Get medical attention if irritation is present. 
• If inhaled – if high concentrations are inhaled, immediately remove to fresh air. Seek 
medical attention. 
 
Procedure 
Safety 
• Depending on your location, either turn on the extraction fan in the fume hood in the 
surgery or the extraction fan in the garage. 
• Ensure all lines are attached to vaporiser. 
• Fill the vaporiser with isoflurane using the key fill bottle adaptor. 
• Fit the key fill adaptor & tighten, then unscrew the resevoir lid. 
• Fill the resevoir to the appropriate level. Tighten the resevoir lid before removing the 
keyfill adaptor. 
• Open the main valve on the oxygen cylinder. 
• Check that at least one tap on the outflow tubing is turned on before turning on 
vapouriser an oxygen else you will blow the seals. 
 
 
 
 
 
 
 
 
109 
 
Appendix 4: Descriptions of factors pertaining to the placement of camera traps at Orton Bradley Park 
Number 
Camera 
type Region Season Aspect 
Cover 
type Forest type Dominant tree type Comments 
1 Old Front left Summer Flat Exotic Aesthetic  Oak Large mature stand 
2 Old Front left Summer Moderate Exotic Aesthetic  Eucalyptus Large mature stand 
3 Old Front left Summer Flat Exotic Productive Pine Large size mature stand 
4 Old Front left Summer Flat Native Regenerating Kanuka Small stands on pasture 
5 Old Front left Autumn Moderate Exotic Productive Pine Large size mature stand 
6 Old Front left Autumn Steep Native Regenerating Kanuka Medium sized mature stand borders pine plantation 
7 Old Front left Autumn Steep Exotic Productive Pine Large sized mature stand 
9 Old Front left Winter Moderate Native Regenerating Kanuka Large mature stand 
10 Old Back right Winter Flat Native Regenerating Kanuka Large mature stand 
11 Old Back right Winter Flat Native Remnant  Mixed hardwood Mixed mature stand on valley floor quite open 
12 Old Back right Spring Flat Native Regenerating Kanuka Meduim mature stand 
16 New Back right Spring Moderate Open Pasture Kowhai tree About 5 mature Kowhai and Mahoe trees 
17 New Back right Spring Moderate Native Remnant  Mixed hardwood Mixed mature stand  in gully 
18 New Back right Spring Steep Open Pasture Pine Very large pine tree recently fallen 
19 New Back right Spring Moderate Native Remnant  Mixed hardwood Mixed mature stand in large gully 
20 New Back left Summer Steep Native Remnant  Mixed hardwood Mixed mature stand in large gully 
21 New Back left Summer Steep Native Remnant  Mixed hardwood Mixed mature stand in large gully 
22 New Back left Summer Moderate Native Regenerating Kanuka Large mature stand at bottom of large gully 
23 New Back left Summer Moderate Native Regenerating Kanuka Large mature stand 
13 Old Back left Spring Flat Native Remnant  Mixed hardwood Mixed mature stand on valley floor 
14 Old Back left Spring Flat Native Remnant  Mixed hardwood Mixed mature stand on valley floor becoming open 
15 New Back left Spring Flat Native Remnant  Mixed hardwood Mixed mature stand on valley floor becoming open 
24 New Front right Summer Flat Exotic Productive Douglas Fir Large mature stand 
25 New Front right Summer Moderate Exotic Aesthetic  Eucalyptus Large mature stand 
26 New Front right Summer Steep Exotic Productive Pine Large mature stand 
27 New Front right Summer Steep Exotic Productive Pine Large mature stand 
28 New Front right Summer Flat Exotic Productive Pine Small mature stand 
29 New Front right Summer Moderate Exotic Productive Pine Large mature stand with regenerating kanuka on border 
30 New Front right Summer Flat Exotic Aesthetic  Mixed exotic/native Large area of plantings mostly immature 
31 New Front right Summer Flat Exotic Aesthetic  Mixed exotic/native Hedge of Pittosporum 
8 Old Front right Winter Flat Native Regenerating Kanuka Small stand with average maturity 
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Appendix 5: Lists of species photographed by camera trap at Orton Bradley 
 
Mammals 
 
Brown hare Lepus europaeus occidentalis 
Brushtail possum Trichosurus vulpecula 
Domestic cattle Bos Taurus 
Domestic sheep Ovis aries 
European hedgehog Erinaceus europaeus 
occidentalis 
European rabbit Oryctoloagus cuniculus 
House mouse Mus musculus 
Feral /Domestic cat Felis catus 
Norway rat Rattus norvegicus 
Ship rat Rattus rattus 
Weasel Mustela nivalis 
Stoat Mustela erminea 
 
Birds 
 
Blackbird Turdus merula 
Chaffinch Fringilla coelabs 
Dunnock Prunella modularis 
Fantail Rhipidura fuliginosa fuliginosa 
Greenfinch Carduelis chloris 
Goldfinch Carduelis carduelis 
House Sparrow Passer domesticus 
Little Owl Athene noctua 
Magpie Gymnorhina tibicen 
Pukeko Porphyrio porphyrio melanotus 
California Quail Callipepla californica 
brunnescens 
Redpoll Carduelis flammea 
Song Thrush Turdus philomelos 
Waxeye/Silvereye Zosterops lateralis laterlis 
Yellowhammer Emberiza citrinella  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
